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EDITOR'S  PREFACE. 


Notwithstanding  the  number  and  variety  of  text  books 
on  Natural  Philosophy  now  before  the  public,  the  peculiar 
excellences  of  Professor   Tate's  treatise,  together   with   the 
expressed  desire  of  some  of  our  most  eminent  teachers,  that  it 
misrlit  be  made  available  to  them  in  their  instructions,  seemed 
to  caD  for  its  republication  in  this  country.     It  was  originally 
prepared  as  one  of  a  series  of  text  books  for  the  use  of  the 
masters  and  students  of  the  Battersea  College,  near  Ix^ndon ; 
and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  commendations  bestowed  upon  it  by  Her  Majesty's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
^  essential  requisites.  The  principles  of  the  science  are  clearly 
O  and  concisely  stated,  with  their  practical  application  to  the  arts 
V  of  life  and  the  phenomena  of  nature.  The  experiments  are 
^  instructive  and  interesting,  requiring  for  the  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
!r  amples  and  problems  to  exercise  the  sWraent,  with  numerous 
^  diagrams  for  illustration,  pervade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  very  useful  introduction  to  one  of  the  most  int^^rcsting 
sciences ;  the  illustrations  are  numerous  and  good ;  some  oi' 
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them  unique,  and  most  of  them  of  a  superior  order ;  the  model 
lesson,  showing,  by  a  suggestive  course  of  reasoning,  how  the 
student  may  be  led  to  reflect  and  reason  upon  tlm  knowhxlge 
conmiunicated  to  him,  will  be  read  with  interest  by  those 
engaged  in  teaching. 

In  addition  to  the  subjects  usually  embraced  in  a  course  on 
Natural  Philosophy,  it  contains  an  article  on  Experimcntiil 
Chemistry,  which  is  a  familiar  exposition  of  the  principles  of 
the  science,  with  their  practical  application  to  agriculture. 
This  must  greatly  enhance  the  valtie  of  this  manual  in  those 
schools  where  time  and  means  will  not  allow  the  use  of  a  more 
extended  treatise. 

Such  alterations  in  the  arrangement  of  the  matter  and  in 
modes  of  expression,  together  with  important  additions  to  the 
text  of  the  original,  have  been  made,  as  were  considered  neces- 
sary to  adapt  it  to  use  in  this  country.  A  series  of  questions 
is  appended  to  the  work  for  the  accommodation  of  those  who 
may  desire  to  use  them. 
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NATURAL  AND  EXPERIMENTAL 

PHILOSOPHY. 


INTRODUCTION. 

1.  The  general  laws  of  nature  are  divisible  into  the  four 
classes  of,  L  Physics,  oflen  called  Natural  Philosophy; 
IL    CcnEMisTRT;    III.   Life,  commonly  called  Physiobgy; 

and,  IV.  Mind. 

2.  The  lawB  of  Physics  gorcm  every  phenomenon  of  nature  in  which 
there  is  any  sensible  change  of  place. 

3.  The  great  physical  truths  are  reduced  to  four,  and  are  referred  to 
by' the  terms  Atom,  Attfoction,  RepuUiony  and  Inertick, 

4.  Solid  bodies  existing  in  conformity  with  these  truths,  exhibit  all 
the  phenomena  of  Mechanics ;  Liquids  exhibit  those  of  Hydrostatics 
and  Hydraulics ;  Airs  those  of  Pneimiatics ;  and  Imponderables  those  of 
Heat,  Light,  Electricity,  and  Magnetism. 


MECHANICS. 

LAWS    OP   MATTER   AND    MOTION. 

5.  Mechanics,  in  its  most  comprehensive  sense,  treats  of 
the  laws  of  rest  and  motion  of  material  bodies.  Statics  tr(»ats 
of  the  equilibrium  of  solid  bodies,  and  Dipiamics  treats  of  tlie 
motion  of  solid  bodies.  Hydrostatics  treats  of  tlie  equilibrium 
of  fluid  bodies,  and  HydrO'dynamics  {Hydraulics)  treats  of 
the  motion  of  fluid  bodies. 
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12       ^      NATURAL   AND   EXPERIMENTAL   PHILOSOPHY. 

6.  Matter  is  known  to  us  by  its  properties,  which  affect 
our  senses.  The  mass  of  a  body  is  the  quantity  of  matter 
which  it  (;ontains.  The  density  of  a  body  is  the  comparative 
quantity  of  matter  contained  in  a  given  size  or  volume. 

7.  Motion.  A  body  is  in  motion  when  it  is  in  the  act  of 
changing  its  place. 

^Vhen  a  body  passes  over  equal  spaces  in  equal  successiye  portioxis 
of  time,  its  motion  is  said  to  be  uniform.  When  the  socccssiye  spaces 
described  in  equal  times  continually  increase,  the  motion  is  said  to  be 
accelerated;  and  when  those  spaces  continually  decrease,  the  motion  is 
said  to  be  retarded*  Motion  is  uniformly  accelerated  or  retarded  when 
the  increase  or  decrease  of  the  spaces  passed  over  in  equal  successiye  por- 
tions of  time  is  always  equaL 

8.  Velocity.  The  velocity  of  a  body  is  measured  by  the 
space  uniformly  passed  over  in  a  given  time. 

When  the  motion  of  a  body  is  accelerated  or  retarded,  the  velocity  is 
not  measured  by  the  space  actually  passed  over  in  a  given  time,  but  by 
the  space  which  would  have  been  passed  over  in  the  given  time  if  the 
motion  had  continued  imiform  from  that  point. 

9.  Momentum.  The  momentum  of  a  body  is  its  quantity 
of  motion,  and  is  measured  by  the  weight  of  the  body  multiplied 
by  its  velocity. 

The  quantity  of  motion,  or  momentum,  of  a  small  body  may  be  as 
great  as  that  of  a  large  body ;  for  example,  if  the  velocity  of  a  musket 
ball  be  100  times  the  velocity  of  a  heavy  hammer,  which  is  100  times 
the  weij]jht  of  the  ball,  then  their  momenta,  or  quantities  of  motion,  will 
be  the  same.  The  deficiency  of  weight  in  the  ball  is  made  up  by  its 
excess  of  velocity. 

When  a  person  running  strikes  against  an  obstacle,  he  suffers  a  collision 
corresponding  to  his  weight  and  the  wpeed  at  which  he  is  moving. 

If  two  bodies  moving  in  the  same  direction  come  into  collL«don  witii 
each  other,  the  force  of  collision  is  measured  by  the  dijference  of  their 
moraonta ;  but  if  they  are  moving  in  opposite  directions,  the  force  of 
collision  Is  much  greater,  for  it  w  equal  to  the  Kum  of  their  momenta. 
Hence  it  is  that  the  collision  of  railway  trains,  when  moving  ui  opixisite 
directions,  is  much  more  t<Tritic  than  when  they  are  moving  in  the  same 
direction. 

10.  FouoE  is  that  which  produces,  or  tcinds  to  pnxluce, 
motion  in  a  body ;  or  it  is  that  which  changes  the  uniform 
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and  rectilinear  motion  of  a  bodj.    Thus  pressure,  impulse, 
gravity,  &c^  are  called  forces. 

When  a  force  acts  oiily  for  an  instant,  it  is  called  impulsive ;  and  when 
it  acts  without  intennission,  it  is  called  a  eonatatU  force.  Constant  forces 
may  be  either  uniform  or  variable,  A  force  is  uniform  when  it  always 
produces  cqiial  effects  in  equal  successive,  portions  of  time ;  and  it  is 
zariable  when  the  effects  produced  in  equal  portions  of  time  are  unequoL 

11.  Matter  is  either  ponderable  or  imponderable.  Po»- 
derahle  bodies  have  an  appreciable  weight;  imponderable 
bodies  comprise  those  subtile  fluids  which  have  no  appreciable 
weight,  such  as  lights  heat,  magnetism,  and  electricity. 

12.  Forces  are  known  to  us  only  by  the  effects  which  they 
produce. 

In  order  to  estimate  the  magnitude  of  forces,  we  must  compare  the 
efTccts  which  they  produce  under  the  same  circumstances.  A  force  may 
be  estimated  by  the  pressure  which  it  produces  upon  some  obstacle ;  or 
it  may  be  estimated  by  the  motion  wliich  it  produces  in  a  body  in  a 
given  time.  In  the  former  case  the  measure  of  the  force  is  said  to  be 
statical^  and  in  the  latter  case  dynamical. 


PROPERTIES    OP  MATTER. 

13.  The   properties  of  matter   are   usually  divided   into 
primary,  or  essential,  and  secondary^  or  non-essentiaL 

The  former  are  those  without  which  wc  cannot  conceive  matter  to 
C3Li>t ;  the  latter  arc  thtjsc  which,  depending  upf)n  iIm;  particuhu:  laws 
iniprcst}C'd  ujion  difftrent  buljstancrw,  di»  not  nect-^^iirily  inter  into  our 
atjtitrat-t  conceptions  of  matter ;  thus,  for  example,  bad  it  pleastxl  the 
Creator,  the  law  of  gravitation  mit>;ht  have  lHX»n  different  from  wliat  it  is ; 
or,  in  the  place  of  the  law  of  perfect  elasticity,  ol)servtxl  in  somt*  bodic-s, 
all  the  foniL**  of  matter  might  have  Ixxti  practically  incompressible. 
It  i*  rilA*ious  thtTefore,  that  the  scxxmdiu-y  properties  of  matter  could  not 
have  become  known  to  us  anterior  to  observation  and  experiment.  ITie 
r^tive  adaj-tation  of  these  secondary'  projx'rtics  of  matter  to  the  condi- 
tion* and  constitution  of  the  universe,  affords  the  most  striking  evidence 
of  the  ext»tence  and  attributes  of  a  great  and  intelliij;ent  cause. 

14.  The  primarj' properties  of  mutter  are  Kxtensfon  and 
Impetictrability,     The  most  im^>ortaut  secondiuy  properties, 
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considered  in  relation  to  mechaniciil  science,  are  Compresd- 
billty.  Expansibility^  Dlvisihillty^  Cohesion,  Elusticify,  Mobility y 
Inertia^  and  Gravity. 

15.  Extension  is  that  property  whereby  every  body 
must  occupy  a  certain  limited  space.  We  necessarily  conceive 
every  body  to  have  lengtli,  breadth,  and  thickness. 

16.  Impenetrability  is  that  property  wliereby  no  two 
Bubstances  can  occupy  the  same  space  al  the  same  instant  of 
time. 

17.  Compressibility  and  Expansibility  are  those  prop- 
erties by  virtue  of  which  bodies  may  be  made  to  occupy  a 
smaller  or  larger  space. 

Tlic  siisccptihility  to  compression  shows  that  all  Ixidios  must  contain 
port's,  or  fspaccs  K'twocn  the  ultimate  jjartit'lcw  or  atoms  of  which  tliey 
arc  composed,  and  that  there  is  no  subbtunco  in  nature  wliieh  is  absolutely 
solid. 

In  consequence  of  thcfwj  properties,  b(Klics  differ  very  much  in  density. 
When  bxlies  have  the  same  size,  or  volume,  their  densities  arc  measured 
by  their  weipjhts.  Thus  a  cubic  fix)t  of  coj^ixjr  weighs  nine  times  as 
much  as  a  cubic  foot  of  water ;  hence  cupxx.r  jKj^iisesses  nine  times  the 
density,  or  six?cilie  granty,  of  water. 

18.  Divisibility.  There  is  no  limit  to  the  mathematical 
conception  of  the  divisibility  of  space ;  but  the  doctrine  of 
the  atomic  theory  seems  to  indicate  that  there  is  a  practical 
limit  to  the  divisibility  of  matter. 

In  going  on  with  our  di\nsion,  we  must  finally  arrive  at  a  certain 
ultinuUe  particle^  or  atom  of  matter,  which,  from  its  constitution,  no 
longer  admits  of  sqwration  into  parts.  Nature  presents  us  with  various 
marvellously  mumte  divisions  of  the  |)articlc8  of  matter. 

19.  Cohesion,  or  the  attraction  of  cohesion,  is  that  prop- 
erty of  bodies  whereby  the  atoms  composing  them  are  united 
in  a  mass. 

ITiis  force  of  attraction  between  the  particles  of  matter  only  taki'S 
place  at  immeasurably  minute  distanc<>*.  Utnlit^  are  s«)li(l,  liquid,  or 
aeriform,  according  as  the  cohesion  of  their  particles  is  moditied  by  heat. 
The  particles  of  gasos  and  vajxire  n^iel  one  another,  in  consctjuence  of 
the  repulsive  force  of  heat  bciug  greater  than  tlic  force  of  cohesion ;  iu 


PROPERTIES    OF   MATTER.  15 

nlids,  the  force  of  cohesion  prcprAideratcs  oyer  that  of  repuHon  ;  and 
in  liqiiidri  the  forces  of  cohesion  and  repulsion  are  presumed  to  be  equal. 

20.  Elasticity  is  that  property  of  bodies  by  which,  when 
their  form  is  altered  by  the  action  of  an  external  force,  they 
regain  their  original  form  as  soon  as  the  external  force  is 
withdrawn. 

AU  bodies  possess  this  property  in  a  greater  or  less  degree. 

Hon  substances  have  a  limit  to  their  elasticity :  thus,  if  a  straight 
eiastie  bar  is  bent  by  a  prowure  appHed  to  it,  and  if  this  pressure  docs 
not  execctl  a  certain  quantity,  the  bar  ^ill  resume  its  original  form  when 
ihl*  prcf^iirc  is  removed  ;  but,  on  the  contrary,  if  the  prcssiu-e  exceeds  a 
oTt,'dn  quantity,  called  the  Umit  of  the  body's  elasticity,  the  cohesiou 
of  the  material  is  uijurcd  or  destroyed ;  and  then,  in  this  case,  the  bar 
viU  not  return  to  its  original  form  upon  the  cessation  of  the  pressure. 
Bodies  which  hare  no  elastic  limit  may  be  called  perfectly  elastic,  such 
»  gSBSCB  and  vapors. 

liquids  scarcely  admit  of  compression ;  and  hence  they  are  called 
wm-eloMtic  fluids,  whereas  gases  and  vapors  are  called  elastic  fluids* 
Some  acriibrm  bodies  such  as  carbonic  acid  gas,  have  been  brought  to 
the  hquid  state  by  being  subjected  to  a  high  pn.*«urc  and  cold ;  thrse  arc 
c&Ili4  condetuabk'  gases ;  whereas  some  gaseous  bodies,  such  as  oxygen 
and  nitrogen,  composing  the  atmoBj)herc,  resist  condeasation,  whate%'er 
may  be  the  preasure  and  cold  to  which  they  are  subjected.  These  gaM?8 
ire  called  permanently  clastic,  Beams  employed  in  construction  arc 
HiiDetimes  considered  pcTfectly  elastic,  when  theu:  resL'^tancc  to  compression, 
within  their  limits  of  elasticity,  is  equal  to  their  resistance  to  extension. 

21.  Mobility,  or  susceptibility  to  motion,  is  that  property 
whereby  a  body  admits  of  change  of  place. 

Motion  may  be  abnolnfe  or  relative  :  thus  a  man  in  a  railway  carriage 
may  be  in  motion  relatively  to  the  other  objotts  in  tbr carriai;c,  Mliilc  at 
the  same  time  he  partakes  of  the  absolute  motion  of  the  train.  In  esti- 
■latxn?  motion,  there  arc  three  things  to  be  considered ;  viz.,  tlie  velocity 
cr  (juickncss  of  the  motion,  the  space  i>nfts«l  over,  and  t/w  time  in  wliich 
that  Fpacc  is  paspod  over.  ITie  motiim  of  a  ImkIv  is  uniform  when  it 
potKM  ovcT  ci|U!d  s]i;irc  in  c*iiim1  >uco4>.-ive  iiiter\als  of  time:  in  this  ca*;e, 
tk^  rt-h,ri*y  of  the  nicti  )n  i<  the  (U.-tanc*'  in  iV-et  ]i;u".e<l  (iver  in  one 
iCiHid  of  time  ;  th*:  s^fhum  is  tlie  whole  di>tunce  in  feet  moved  over  ;  and 
Ow  tinte  the  nurnlKT  of  secrjnds  in  which  the  sj^ace  Ls  dobciibed.  In 
ttniibnu  niotiuu,  thcTCtbre,  we  have 

The  fcpoce  =  the  velocity  X  the  time. 
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'D  thnv  genaal  quantitia,  any  tirci 
rac  nuiy  be  found. 

If  A  railway  trnin  movua  ovei  14  feet  ii 


■wiD  it  more  oi 

Space  moved  mar  in  I  hoc. 
"  ■'  "     3floo 

=  30  miics.    Ans. 

Er.  2.  If  H  railway  train 
be  \t»  velodty  per  wssmd  ? 

Space  moved  ova  in  360O 

Or.inlBec.= 


I  secDod,  what  apace 


:t  20  milca  in  an  lunir,  what  will 


vaui 


;.  orl  h.=  20x  5260  ft. 
S.    If  the  veJocity  of  v.  ixidy  be  20  fret  pet  Bwond,  in  what  ti 


i^  =  26l  s 


sat  Oft.  _ 
"2d~S'^ 

22.  Inertia.  By  thia  properly  is  meant  that  mailer  liaa 
no  power  in  itself  to  cbnng'e  its  present  stale,  und  tbat^nj 
altDratJon  in  it6  state,  wliellier  of  lenl  or  motion,  must  be  pro- 
duced by  the  lu^tion  of  some  externa!  force. 

If  a  body  is  brukcn,  some  force  must  hove  produced  the  rupttirc^  It 
n  body  is  melted,  heat  must  bare  produced  the  change.  If  a  bodj 
chnngoi  its  stnle  from  rcBt  to  motion,  Koine  force  muR  have  eommunl' 
Uted  tltc  motion.  If  it  pawcs  bom  a  state  of  motion  to  that  of  roM, 
Hme  force  miut  havo  beoi  exert4<d  to  destroy  the  motion.  The  laws  of 
awtidn  will  be  hereafter  more  fully  considered. 

Sxptrimeni.  Flace  a  penny  un  a  piece  of  card  paper,  and  balmoo  It 
npon  the  tip  of  one  of  the  fingcre  of  the  left  hand,  as  abown  in  Fig,  1; 


of  the  iingcTs  of  (he  right  bond ; 


mortlB.trm   ' 


e  csrd  will  be  projfiTUd  forwsid,  but  the  penny,  bum  i\ 
Buuo  en  ttip  fin  ga. 
Wlum  B  caniuflG  nuddiiily  ntnpi,  lif  prrann  in  it  is  liable  to  be  (JlioVti 
ftoni  Ibe  iniTtiB  of  bis  kKlj  ;  (hiit  is,  in  this  ca^c,  from  the 
ftdcney  wliich  Ku,  body  hat  In  ™ntinui'  in  nmlioii. 
A  Ixxly  In  mntion  nlso  toiiU  to  hkitp  fomard  in  u  straight  line  i 
nee  the  cftjtt  we  have  to  make  n^hm  we  nm  round  a  romer.  When 
tfone  is  whirled  icund  in  a  tJingi  it  fli»  off  in  a  direct  couree  the 
ORimt  it  in  allowed  to  (sca|ic.  It  ie  wfU  known  that  a  han?,  acting  itf 
adna  on  this  Inw  of  inertia,  oometimcs  makes  its  escape  &am  the 
eyhoimd  by  taking  h  groit  many  endden 
tm  vHcli  Uii>  dug,  fmrn  i1/>  gnuter  bulk 
id  inertia,  dms  not  >»  isudUj'  take.     1 

ranning  l"  iho  covet  V,  f-w;  Fig.  2.)  the 
iKtkkeB  thi^  counc  A  I>  t)  E  C,  while  the 
ig  ia  cDRipcUcd  to  take  the  luuger  coune, 

'WfaentheequeitrLin,  titandini'  m  the  md-       '' 
tt  lc»p»  owt   a  cord   cxtcndt-d  ovn  the  t:^ 
mM  right  angles  to  bli  motion,  the  huise 
Mn  under  the  rord  whDc  tlie  filler  Intfw 
w  H,  and  light"  on  the  saddle  at  the  opjio- 
»  ddr.     Here  the  cquBrtrlan  has  mraclr  to 
ip  Dpiraid«i  not  farwudH,  as  he  would  hare 
Uioni  tt  while  in  the  act  of  k-Dping  he  retai 
kd  bofute  he  made  the  leap,  no  that,  when  he  an 
'  die  Mfd,  Ills  jinignKflTo  inolian  bdng  the  aam 
rMghtt  exactly  an  the  saddle. 

S8.  Gravity  ib  tliul  property  ljy  whl^h  nil  terrestrial 
sdiee  tejid  lowardi  the  centre  of  the  earth,  Wlien  a  body 
supported,  this  tcotleiicy  produces  preistire  and  weight. 

Thx  jiDHuire  jirnduced  by  urBvity  is  alwara  ejteitcd  in  a  direction  per- 
ndicular  to  tbi-  horizmi,  nnd  U  imiKiired  by  the  w-iight  of  the  bodft 
he  unit  of  weight  in  mechnnicid  calculations  ia  a  pound ;  and  henea 
IB  fbrcc*  of  prasurc  cic  umiall}'  eEprCFSed  in  unttH  of  poimds. 

b  baa  bcm  ftmnd  by  cxjierimmt  ( allonanee  being  made  for  the  tWMt- 
U  of  the  (dr)  that  bodim  of  every  <Bxe,  shnpc,  and  weight  fall  to  the 
a^  CMcUf  in  the  sniuc  mnnncr.  Thn».  were  it  not  for  the  nsiatance 
'  ttar  ilr.  a  Icalhcr  and  n  gnincn  wmild  Ihll  from  the  top  of  a  loircr  in 
ic  nnne  time,   and   they   would    strike  the  ground  with  the  some 


Fig.  2. 
)  do  if  he  were  not  in 
i  the  niDtion  which  ho 
res  at  the  oppodte  aide 
as  that  of  the  hoiae. 
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Experiment,  Take  a  small  piece  of  thin  paper  and  a  coin,  and  let 
them  fall  the  same  instant  firom  equal  heights  above  the  ground ;  then 
the  coin  will  arzivc  at  the  ground  much  sooner  than  the  paper..  Here 
the  air  presents  a  greater  proportional  resistance  to  the  motion  of  the 
Ught  body  than  it  docs  to  the  heavy  one ;  but,  in  order  that  the  resist- 
ance of  the  air  may  be  the  same  in  both  bodies,  place  the  paper  on  the 
coin,  and  then  let  them  fall  together ;  they  both  arrive  at  the  ground  at 
the  same  instant. 

Thus  it  appears  that  the  pressure  produced  by  the  earth's  attraction 
upon  bodies  is  a  very  different  thing  from  the  motion  which  it  generates. 
In  the  former  case,  the  pressure  produced  is  proportional  to  the  quantity 
of  matter ;  whereas,  in  the  latter  ca^e,  the  motion  generated  in  a  given 
time  is  the  same  for  all  bodies,  whatever  may  be  their  size,  weight,  or 
density.  This  admits  of  a  satisfactory  explanation  :  the  earth  attracts 
every  particle  of  which  a  body  is  composed,  and  hence  the  weight  of  a 
body  depends  upon  the  matter  which  it  contains.  On  the  othcT  hand, 
all  the  particles  of  a  body  separated  from  one  another  would  evidently 
fSall  through  the  same  spaces  in  the  same  time ;  but  it  appears  from  ex- 
periment, that  when  the 'particles  are  collected  in  one  mass,  they  &11 
exactly  in  the  same  manner  as  they  would  if  they  were  separated  from 
one  another. 

24.  Gravity  is  said  to  take  place  in  consequence  of  the 
attraction  exerted  by  the  earth  upon  the  body.  The  gen- 
eral name  given  to  this  force  is  that  of  attraction  of  grav^ 
itation. 

This  force  is  not  confined  to  bodies  uxx)n  the  earth's  surface ;  the 
moon  is  maintained  in  her  orbit  by  the  attraction  of  the  earth,  and  all 
the  planetary  bodies  in  the  sohu*  system  are  subject  to  the  attraction  of 
the  sun. 

The  attractive  force  exerted  by  bodie?*  on  each  other  is 
reciprocal,  and  in  proportion  to  their  masses. 

Thuis  if  tlie  body  A  attracts  the  body  B,  then  B  w*ill  attract  A,  and 
the  forces  which  they  exert  on  each  other  will  be  proportional  to  their 
respective  masses. 

Ajrain,  the  force  of  attraction  varies  inversely  as  the  square 
of  the  distance. 

Thus  at  double  the  distance  the  force  will  be  one  foiuth,  at  treble 
one  ninth,  and  so  on. 

These  two  laws  are  expressed  by  sjiying  that  the  force  of 
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ntvitAlion  varies . directly  iis  ibi- 
lunrc  of  the  dii^lanee. 


iversely  ae  lliu 


I  are  attracted  by  the  cajth  as  if  the  whole  of  ite  mms  vne  col- 
ii»  teutnii  lieiu*  [he  fot«;  of  gtuvity  al  nny  pbue  ileiienila  U]jini 
Bicp  of  Uip  pliiL'c  from  ihe  centre  of  the  earth.  Now,  aiiice  the 
diuiicicT  uf  Uie  iHith  a  grester  iliaii  thr  pulnr  diameter,  It 
lut  ihc  loreeof  gravity  at  ploi^EH  near  the  equator  is  nnt  to 
is  at  fiacvt  near  the  poles  ;  thus  it  i»  iuuud  ihut  o  body  whii:h 
by  its  gravity  A  cortaiD  presnite  at  Bialon,  would  not  im^Ui'e 
nt  uf  [mieurc  if  taken  to  the  equuuir ;  and  in  Yikv  tnantia  a 
wtdch  bcota  secHmd^  al  Uusloa  would  take  n  longer  time  U 
I  vibmlion  at  the  equator. 

equeuce  of  tiur  eoiiElaul  lutiim  of  ihc  furvc  of  ^iivity,  Ilia 
.  of  a  Iklling  tmdy  hircnini's  guii^kci  and  quieki:r  us  it  dtwcenda. 
iMcondabody  trill  (all  tlimugh  lU-iVlDet;  but  tbcvdocily  ac- 
ttnmtDBOfoadisSiJ  (h^t,  in  twoBccuiidiit  isin'ice  32^,  in  ihtM 
I  three  times  S'l^,  and  gn  on.     That  is,  Mi  rcloc.tj/  aequirrd 
body  increiun   in'lA  Ihr  limr ;  or,  in  other  words,  the  re- 
7  acquired  hy  a  fulling  Imdy  in  feet  is  oqiinl  to  the  pnvlurt  of 
,  by  the  nnmbrr  of  spcondt  of  its  fntl. 

i(.     If  a  bndy  lakes  thnM'  »prntid»  in  falliiif;  from  the  top 
v.  with  what  vfUx'ity  will  the  iKxly  strike  Ihe  ground  ; 

Velocity  =  3  X  33  J  ft.  =  86^  ft. 
rw  of  aeijuired  velocity  oriMa  fnsm  the  fact  that  gravity  i«  a 
'  aatleraaag  fonx,  commujiiCBting  equal  iiKrements  of  velocity 
ime?,  and  that  each  Huci^esBive  increment  of  velocity  is  unaT- 
i  by  the  motion  previoiuly  aniuircd.  At  places  towards  the  equa- 
'  llw  iCOoIerBtin;  foiee  of  gravity  Is  les  than  it  is  in  our  latitude,  Hlid 
the  polo>  it  iH  greater.  The  Iaw<i  of  iliKccnding  bodiea 
,  fatmfter  tw  more  fully  r-mtiiliTEd. 

Centrf.  of  Gisavitv.  The  centre  of  gravily  of  » 
I  that  point  in  il  wlii.irc  all  ihi'  miitier  comiiosing  it  may 
sappoi^ed  to  be  collei'led.  The  rentro  of  gi-avily  of  any 
jlor  body  lies  in  its  ct;ntre  of  mi^ilLidp. 

Salaneo  a  rod  or  a  rtick,  or  any  other  body,  upon  the  finger ;  a  pwnt 
within  the  stick,  diiectly  above  that  upon  which  the  body  is  balanced. 
U  tbe  e«nlro  of  gravity.  If  the  centre  of  griivity  of  u  body  be  sup- 
{Mtnod.  the  body  will  remain  at  rest;  and  in  all  other  positions  the 
centre  of  gravity  dew:ends  to  the  lov<«t  place  to  which  it  can  get. 

A  T«TtiL'til  line  drawn  through  the  ccntic  of  gravity  of  i  body  is  ciUed 
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the  lins  of  direcHon,    If  the  line  of  diiection  &I1  within  the  btte,  ^ 
body  will  stand;  if  not,  it  will  fall.    Thus, 


*•  P 

Fiff.  5.  Fig.  6. 

let  G  G,  &c.,  be  the  centres  of  gravity  of  four  bodies  standing  on  theii 
horizontal  bases,  and  G  P,  G  P,  &c.,  the  lines  of  direction ;  then  the 
bodies  represented  in  Figs.  3  and  4  'will  stand,  because  the  lines  of  direc- 
tion fall  ^^-ithbi  their  bases.  ITie  body  represented  in  Fig.  5  will  be  upoc 
the  point  of  falling,  because  the  line  of  direc- 
tion just  falls  at  the  edge  of  its  base ;  and  the 
body  represented  in  Fig.  6  ^^nli  fall,  because 
the  Une  of  direction  falls  ^nthoiit  its  base. 

^^'hcn  a  man  carrit-H  a  load  upon  his  back, 
he  leans  forward,  to  bring  the  centre  of  gravi- 
ty of  his  body  and  the  load  which  he  carries 
within   the  ba«e  formed   by  his  feet.     If  he 
were  not  to  do  «),  the  lond  would  1  ,c  liable 
to  draw  him   ovtT  backward.      For  the 
same  rea»m,  when  a  man  walks  up  a  liill 
he  leans  forward,  and  when  he  descends 
ho  leans  backward. 

A  cylinder  may  be  made  to  roll  up  an 
inclined  plane.  Fix  a  piece  of  lead,  *,  in 
one  side  of  the  cylindtT  z  ;  then  it  ynM 
roll  up  the  iiiduied  plane  to  the  position 


Fig,  7. 


Fig,  8. 


Fig,^. 

m'  t*,  because  the  centre  of  gravity  of  the  mass  "will  endeavor  to  descend  t( 
its  lowest  point 
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Fig.  10. 


«  a  body  be  supported  by  a  jwint  lying  above 

**  centre  of  gravity,  the  body  is  said  to  be  sus- 

P®ded,  and  if  it  be  free  to  move,  it  will  not  rest 

"tttil  its  centre  of  gravity  has  attained  the  low- 

ttt  po^le  position.    Thus,  for  example,  if  the 
^  bsD  K  be  suspended  by  the  thread  s  a,  it  will  not 

Kst  untQ  its  centre  of  gravity,  a,  attains  the  lowest 

poBshlc  position,  that  is,  in  this  case,  when  the 
thread  hangs  vertically. 

fig.  1 1  shows  how  two  forks  may  be  siL<:pendcd 
on  the  point  of  a  needle.  Stick  two  forks,  A  and 
B,  into  a  cork,  C ;  then  stick  a  sewing  needle,  with  its  point  out^^'anls, 
into  the  cork,  and  poise  the  whole  on  the  top  of  a  wine  glass,  or  on  the 
head  ci  a  pin  stuck  into  another  cork.  Uere  the 
stability  of  the  system  depends  upon  the  fact,  that 
the  centre  of  gravity  Is  below  the  point  of  support. 

In  likcmanner  a  fork  may  be  &u5.pendcd  over  the 
edge  of  the  table  on  the  point  of  a  needle,  v^  shown 
m  Fig.  12.  Here  the  point  of  susixiision,  P,  lies  in 
the  vertical  line,  P  C,  passing  tlirough  the  centre  of 
gravity,  C,  of  the  fork. 

To  find  the  centre  of  gravity  of  any  piano  sur- 
fece,  suspend  it  freely  by  any  ix)int,  and  draw  the 
line  of  direction  through  that  iK)int  of  suspension  ; 
suf^nd  the  surface  by  anothcT  ymwX^  and  in  like  manner  draw  the  line 
of  dircflion  through  it ;  theh  the  intci-sectiou  of  these  two  lines  will 
give  the  centre  of  gnivitj'  of  the  surlace. 

Of  all  forms  of  structure,  having  the  same  heii^^ht  and 
base,  the  pyramidal  form  is  the  strongest.  The  pyra- 
mid represented  in  Fig.  13,  which  stands  on  a  broad 
base,  is  more  stable  than  that  represented  in  Fig.  14, 
vrhich  has  a  narrow  base ;  because  the  centre  of  gravity, 
G,  ma«5t  be  raised  through  a  greater  space  in  the  former 
case  than  in  the  latter  case,  before  they  can  be  over- 
turned. 

ITie  body,  ABC,  (Fig.  15,)  has  a  position  of  stable 
equilibrium t  because  its  centre  of  gravity,  C,  has  attained 
iti%  lowest  possible  position  ;  whereas  the  ]x)dy  represented  in  Fig.  1 6  has 
a  pusition  of  unxfablc  rtjuiUbrium^  because  its  centre  of  gravity,  C,  has 
not  attained  its  lowest  possible  i)osition  ;  the  slightest  force  ^^-ill  cause ' 
centre  of  gravity  to  descend,  and  to  occupy  the  position  rcpresente 
Fig.  15. 

A  cart  loaded  with  iUme  may  pass  safely  along  a  road  of  whid 
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side  is  higher  than  the  other ;  but  if  the  same  cart  were  loaded  with  ka^^ 
it  would  be  overturned ;  for,  though  the  sustaining  base  be  the  — w»f  hi 
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both  cases,  the  fine  of  direction  fklls  much  within  it  from  the  low  centre 
of  gravity  of  the  stone,  but  very  near  the  wheel,  or  altogether  on  the 
out<dde,  from  the  high  centre  of  the  hay. 

The  feet  of  our  common  chairs,  and  of  tiipods,  arc  generally  expanded 
bdow  to  give  a  Ijroiid  base.  The  high  chair,  to  accommodate  the  little 
child  at  the  dining  table,  is  very  dangerous  if  the  feet  do  not  spread 
much. 

The  famous  leaning  tower  of  Pisa  is  believed  to  have  been  purposely 
so  built.  Its  height  is  130  feet ;  and  though  its  top  overhangs  the  base 
16  feet,  the  line  of  direction  falls  Avithin  the  base. 

The  upright  form  of  man  stands  firmly  on  a  very  narrow  base,  which 
is  the  space  occupied  by  his  feet.  The  advantage  of  turning  out  the  toea 
is,  tliat  witliout  taking  much  from  the  length  of  the  base,  it  adds  to  it8 
breadth. 

A  person  on  rising  from  a  chair  first  Inrnds  the  body  forward  so  as  to 
bruig  the  feet  under  the  centre  of  gravity,  aitd  then  lifts  the  body. 

AVhen  a  man  walks  at  a  moderate  rate,  his  centre  of  gravity  comes 
altemutcly  over  the  right  and  over  the  left  foot,  causing  the  body  to 
advance  in  a  waving  line.  Pereons  walking  arm  in  arm  jostle  each 
other,  unless  the  movement  of  tlidr  feet  correspond  as  do  those  of  sol- 
diers in  marching.  • 


LAWS    OP  MOTION. - 

26.  First  Law  op  Motion.  A  body  in  motion  will 
niovf!  continually  in  a  straigiit  line,  and  with  a  uniform  veloci- 
ty, if  it  is  not  acted  on  by  any  external  force. 

Majiy  piTvons  are  apt  to  think  that  a  body  in  motion  would  stop  of 
it<^'lf ;  hut  till**  is  not  correct,  for  it  is  only  the  obstacles  which  a  body  in 
motion  meets  with  tliat  causes  it  to  stop.  Th\»,  when  a  liody  is  rolled 
along  a  tkM)r,  tlie  frii-tion  at  the  fkxu'  cxuiees  the  body  to  come  to  a  state 
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«st ;  but  we  know  that  the  smoothtT  the  floor  lire  ferlhex  mB  the 

y  roll.     The  maitlance  of  Iht  air  alto  tends  lo  stop  Loilita  in  motiun, 

is  that  B  wbccl  with  Tonia  will  rpvulre  much  longFi  in  tbc  cx- 

:H:£ivET  of  on  air  pump  than  it  will  do  in  the  ojien  atimvpben^. 

!y  also  leniU  lo  dtstroy  motian. :  a  body  thrown  upward  toon  luees 

\,  and  rttuTTU  to  the  eartli'a  surface. 

;vet,  tJierefiire,  a  body  in  motion  comis  to  a  state  of  rest,  wo 
y  infer  thai  some  extcniB!  forcrc  or  r(»£tance  has  chrcknl  tha 
in  1  and  that  a  body  in  motion  would  never  stop,  that  is  lo  my,  H 
m  and  ou  in  B  straight  luic  (is  ever,  if  it  did  not  mod  with 
Bijr  external  Ibrce  or  reidstanc'e  (o  stop  il. 

Skgovd   Law    of    Motion.     K  any  number  of    forwB 
Wt  at  like  same  instant  u[ion  a  liody  in  molion,  ench  force  pro- 
I  duces  its  full  eifect  in  the  direction  of  ilA  action,  yxa,  &s  if  it 
Rlitad  ttcle<l  abinc  upon  the  body  at  rest- 

I,  if  a  hal]  be  dipped  from  tho  top  of  the  mast  of  a  eMp  mcning 
nly,  tlic  bill  strikes  ihe  deck  at  the  bottom  of  the  mast,  and  Mbi 
.  the  soiDp  time  as  if  the  ship  were  at  rat. 
1  the  enith,  by  its  diurnal  motion,  carries  all  bodin  on  Ila 
e  luiifarmly  from  west  to  east,  yet  all  motions  take  place  on  llio 
lh'«  sur£ice  just  us  if  it  were  at  rtst. 
If  a  bull  be  thrown  along  the  deck  of  a  vessel  moving  luufonnly,  it 


Fig.  17. 
(irin  move  on  the  deck  in  precisely  the  anme  manner  as  if  tho  tcswI  were 
t.  Let  S  repreecait  the  dwk  of  the  vessel  moving  imitbrmly  in  the 
r.  Buppoae  the  vtssello  move  fironStoi,  or  that  thfpcnut  Arooves 
from  A  ID  C  in  the  same  time  that  the  hall  moves  from  A  to  B.  Now, 
whikt  the  ball  is  moving  on  tlie  line  A  B,  across  tlie  dock,  it  is  nt  the 
same  time  earned  with  the  vesstJ  frciW  A  lo  T,  and  nt  the  end  of  the 

irime  the  bull  it  found  nt  D  ;  co  that  it  prceen-cs  its  two  motiims ;  Ihflt  is 
to  say,  i(  moves  in  the  direction  A  B  as  if  it  had  no  other  motion,  and  in 
the  dlieclion  A  C  with  the  veawl,  bb  if  it  had  no  i£bia  motion.  Tho 
actual  pBth  pursued  by  the  hall  is  svidwitly  in  the  diagonal,  A  D,  of  the 
[wnDeingnun,  A  B  D  C. 
Thia  CEtablishcE  what  is  cuUiii  (lie  paralleloffTain  ^f  laatiaii,  whieh 
msy  be  oiuudaled  at  fbllows :  — 
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Parallelogram  of  Motion.  If  two  velocities  be  given 
to  a  body  at  the  same  instant,  the  actual  velocity  will  be  rep- 
resented by  the  diagonal  of  the  parallelogram  formed  upon 
tiie  two  lines  representing  the  velocities  impressed  upon  the 
body. 

Let  a  body  at  A  (Fig,  17)  have  a  velocity  given  to  it  which  would 
caufic  it  to  move  imifomily  from  A  to  C  in  a  given  time,  and  another  ve- 
locity at  the  Bame  instant,  which  would  cause  it  to  move  uniformly  from 
A  to  B  in  the  same  time.  Now,  if  the  parallelogram,  A  B  C  D,  be  com- 
ploted,  the  actual  path  of  the  body  will  be  the  diagonal,  A  D,  dcBcribed  in 
the  same  time. 

^V^hen  a  boatman  is  rowing  his  boat 
(Fig.  18)  across  a  strong  stream,  the  boat 
has  two  distinct  impulses  given  to  it ;  the 
impulse  given  by  the  man,  which  tends  to 
carry  the  boat  directly  across  the  stream, 
from  A  to  B,  and  that  of  the  stream  itself, 
which  tends  to  carry  the  boat  along  with 
it  from  A  to  D.   Under  the  action  of  these  ^^^'  ^^' 

two  simultaneous  impulses  the  boat  moves  in  the  direction  of  ihc  diago- 
nal, A  C. 

Very  nearly  allied  to  the  parallelogram  of  motion  is  the  paraUehgram 
of  forces, 

llie  parallelogram  of  forces  is  this :  if  the 
sides  A  D  and  A  B  (see  Fig.  19)  of  the  par- 
allelogram, A  B  C  D,  represent  the  magni- 
tude and  direction  of  two  forces  actbig  at  the 
same  moment  on  the  body,  A,  then  the  diago- 
lud,  A  C,  will  represent  the  magnitude  and 
dircc:tion  of  the  resultant  force,  or  the  single 

force  which  the  two  forces  acting  together 

1  Ftg,  19. 

pnKluce.  ^ 

llius  if  the  body.  A,  be  pressed  in  the  direction  A  B  with  a  force  of  3 
pounds,  and  at  the  same  time  in  the  direction  A  D  with  a  force  of  4 
{X)unds,  then  these  two  forces  acting  together  will  produce  a  single  force 
whose  direction  and  magnitude  may  be  readily  found  by  constructing 
the  parallelogram  of  forces.  From  any  scale  of  equal  parts  take  A  B, 
equal  to  'A  units,  representing  the  force  in  the  direction  A  B  ;  fn)ni  the 
same  scale  take  X  D,  equal  to  4  units*  rejM-esenting  the  force  in  the  direc- 
tion A  D ;  construct  the  parallelogram,  A  B  C  D ;  then  the  diagonal,  A  C. 
will  be  the  direction  of  the  single  resulting  force,  and  the  units  in  A  C 
will  be  the  magnitude  of  this  force,  viz.,  5  pounds. 
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Teisd  Law  of  Motion.    Action  and  reaction  are  al- 
WBjs  equal  and  contrary. 

If  a  penoQ  preneB  the  table  with  his  finger,  he  feels  a  resistance  arising 
ftom  the  reaction  of  the  table ;  and  this  countar-pressure  is  equal  and 
coDtnry  to  the  downward  preBsure.    When  a  hone  draws  a  load  for- 
ward, he  is  pulled  backwud  by  the  load.    When  a  gun  is  iired,  the 
exfJoaon  of  the  powder,  which  gives  the  forward  motion  to  the  ball,  at 
the  same  time  gives  the  recoil  to  the  gim.    When  a  bird  flios,  it  strikes 
the  air  downward  with  its  wings,  and  thereby  produces  a  reaction  sufii- 
d£sit  to  support  it  in  the  atmosphere.    If  a  man  in  a  boat  pull  another 
boat  towards  him,  by  means  of  a  rope,  then,  from  the  law  of  action  and 
reaction,  both  boats  will  move  towards  each  other  in  such  manner  that 
their  momenta  shall  be  equaL 

If  an  dastic  ball  be  projected  in  a  direction  perpendicular  to  the  sur- 
Ltce  of  a  hard  pavement,  the  reaction  will  cause  the  ball  to  rebound  in 


Fig.  20. 

the  direction  in  which  it  was  projected.  Now,  if  the  ball  be  projected 
o^lliquely,  it  will  rebound  obliquely,  making  the  angle  of  reflection  equal 
to  the  angle  of  incidence. 

The  intensity  of  the  action  of  any  force  is  estimated  by  the  mass  and 
Telocity  of  the  body  which  it  sets  in  motion  J  that  is  to  say,  by  the  mo- 
mcmtum  of  the  body  which  it  sets  in  motion.  Thus,  if  a  cannon  ball 
be  dfty  times  the  weight  of  a  musket  ball,  but  the  musket  ball  be  moved 
with  fifty  times  the  velocity  of  the  cannon  ball,  then  both  balls  will  have 
the  same  momcntimi,  and  will  strike  any  obstacle  with  the  same  force. 
Again,  let  A  and  B  be  two  bodies  in  motion ;  A  weighs  8  lbs.,  and  moves 
with  the  velocity  of  3  feet  per  siEx»nd ;  B  weighs  4  lbs.,  and  move  with 
the  velocity  of  6  feet  per  second ;  then 

wt.  X  velo. 

8    X    3  =  24,  momentum  A. 

4    X    6  s=  24,  momentum  B. 
that  L4  to  say,  the  momenta,  in  this  case,  arc  equal,  and  the  quantities 
of  motion  in  them  are  equal,  and  the  intensity  of  the  forces  producing 
these  motions  are  oquaL 

3 


26 


NATURAL   AND    EXPERIMENTAL   FHILOSOrHT. 


If  a  body  in  motion  impingCB  upon  another  body,  the  quantity  of  mo- 
tion, or  momentum,  of  the  two  bodies  after  impact  will  be  the  same  as  it 
was  before  impact :  the  momentum  lost  by  the  one  body  is  exactly  the 
some  as  that  which  is  gained  by  the  other  body ;  and  this  is  true  whether 
the  bodies  be  eListic  or  non-elastic. 

Ex.  1.  Let  A  and  B  be  two  non-elastic  bodies  moving  in  the  same  di- 
rection, and  that  A  impinges  ujxm.  B ;  let  the  weight  of  A  be  6  lbs.,  and 
its  velocity  8  feet  per  second,  and  the  weight  of  B  2  lljs.,  and  its  Telocity 
4  feet  per  second ;  required  the  velocity  with  which  the  two  bodies  ^ill 
move  on  together  after  impact. 

Here  the  momentum  of  A  before  impact  =  6  X  8  =  48 ; 

Momentum  of  B  before  impact  =  2  X  4  =  8; 

Momentum  of  mass  alter  impact  =  48  -f-  8  =  66. 

Now,  as  the  bodies  are  non-clastic,  they  will  move  on  together,  after 

impact,  vdih  the  same  velocity.    But  the  common  velocity  of  the  two 

bodies  will  l)o  found  by  dividing  their  momentum  by  the  sum  of  their 

weights,  which,  in  this  case,  is  G  lbs.  -f-  2  lbs.  =  8  lbs. 

56 
Velocity  of  the  lK)dics  after  impact  s=  —  =  7  ft.  per  sec.    Arnt, 

o 

Ex,  2.  Ilcquircd  the  same  as  in  the  lai>t  exanq)lc  when  the  bodies 
move  in  opi)Ositc  directions.  • 

In  this  cuse  the  momentum  of  B  must  Ixi  subtracted  from  the  momen- 
tum of  A ;  thus. 

Momentum  after  impact  =  48  —  8  =  40; 

40 
Velocity  of  tlie  Vxxlies  after  impact  =  —  =  5  ft.  per  sec.    Ana. 

o 

When  the  l)odies  arc  elastic,  the  case  is  somewhat  difTcrent ;  for  they 
do  fwt  move  on  tog(?tlier  after  impact  with  a  common  velocity,  o\%'ing  to 
the  reaction  of  the  clastic  material  of  which  the  bodies  are  composed. 

The  efjuality  of  action  and  reaction  in  the  collision  of  bodies  may  be 
illiwtratixl  by  the  foll(>>^'ing  KimjAc  expcTimcntal  ap|)aratus :  A  and  B  are 
two  ball**  susjxiidcd  by  eciual  strings,  A  C  and  B  C,  c 

80  that  the  balls  may  be  in  contact  with  each  other  ; 
E  F  is  a  graduated  arc,  of  which  C  is  the  centre, 
over  which  the  balls  may  oscillate.  One  of  the 
balls,  A,  is  dra-wn  a«ide  along  a  certain  number  of 
the  arc,  and  then  allowed  to  fall  and  Ptrike  the  other 
hall,  B,  which  i^-ill,  in  eonseqtience  of  the  coUL^on, 
move  up  the  other  pr>rtion  of  the  arc.  The  velocity 
with  which  A  iin])iiigcs  iqwin  \\  is  mca^^urcd  by  the 
numlier  of  degrees  of  the  an;  throtigh  which  it  falls, 
and  the  velocity  of  the  bodies  after  impact  is  measured  by  the  number 
cxf  degrees  of  the  arc  through  which  they  ascend. 


A   R 
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Etp,  3.  Let  the  two  balls  be  compoeed  of  soft  clay,  or  any  other  non- 
substance  ;  then  after  unpact  they  will  move  on  together  with  a 
oommon  Telocity,  which  may  be  calculated,  as  in  Ex.  2. 

Siqjpose  the  balls  to  be  equal  in  weight,  and  that  A  impinges  upon  B 
at  rest ;  then  the  two  bails  yrUl  move  together  with  a  velocity  due  to  that 
which  A  had  at  the  moment  of  impact.  And  so  on  to  other  cases,  which 
may  be  readily  yerifiod  by  experiment. 

Let  the  two  balls  be  composed  of  ivory,  or  any  other  substance  which 
is  nearly  perfectly  dastic,  and  let  them  be  of  the  same  size.  Suppose 
the  ball  A  to  impinge  upon  the  ball  B  at  rest ;  then  after  impact  A  will 
remain  at  rest,  and  B  will  move  on  with  the  same  velocity  as  A  had  at 
the  moment  of  impact.  In  this  case  the  reaction  of  elasticity  causes  the 
ball  A  to  stop,  and  the  ball  B  to  move  forward  with  the  motion  which  A 
had  at  the  instant  of  impact.  And  so  on  to  other  cases,  which  may  be 
readily  verified  by  experiment. 


EFFECTS   OF   GRAVITY. 


FaUtng  Bodies. 

27.  It  has  already  been  explained  that,  since  gravity  is  a  constantly 
acting  fivce,  it  causes  bodies  to  fall  quicker  and  quicker  in  the  course  dt 
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thdi  descent,  «Dd  tlut  the  velocitjr  BcquirEd  at  any  itutont  fa  prapor- 
tkuuilWlbetuncQf  dtstoiit.    Now,  ui  I  Bvcimd  ■  body  falls  through  li^ 
feet;  in  2  MX'uudJi  it  iuils  (liruu^  i  tuii(»  10,^  6x1,  or  U4^  h-et;  ii 
■coDiuls  it  folk  ilmiu^h  J  UiivM  tH^s  Ivel,  or  Hlj  bxi;  and  to  on, 
law  of  (Ueccut  bdug  us  tcdluwa :  tAt  ixkq  ptmed  ooar  by  a  /alUiig  b 
w  nfiwt  to  10  j3  J'ttt  muJ/ijiltnJ  Ay  lAt  tpuirt  oj'  iMt  tmnba-  qf 
Airing  a/ucA  the  body  hat  been  faUiiig.    Thus  the  space  moved  over  I 
a  tecoiida  la  niiiid  to  3'  X  K^tV  V^  =^  Ulf  feet,  and  the  spocc  ntovi 
ova-  in  4  tet-uiula  b  c-qual  to  1'  X  Kii^  Ccot  ^  ^7  j  fuct ;  and  so  on. 

Fig.  22  sbowB  thi:  relation  between  the  tiine,  epacc,  and  velocity  oe- 
quiiul  by  a  folliug  body. 

A  gloiiuc  Bt  Fig.  'i'i  will  show  that  tlio  epacra  rollcn  through  in  mc 
niiMMivc  second  are  ua  IliC  iiuiubcre  1.  3,  i3,  7.  Kc. ;  ihut  is  to  soy,  S 
c:xumi)lc,  the  epai^  fidlcn  thniugh  dunu^  the  iid  buniid  will  be  equal  I 
S  times  Iflt^  ft.,  or  SOiV  ft. 

Ex-  I.  Tliniugh  whut  spncv  will  a  body  ftiU  in  S  sec !  i 

Ei.  2.  Through  wbnt  spate  will  a  body  fall  in  2^  sec  f 

Aia.  IDDJI  ft. 
F,x.  3.  Wbot  qioce  will  a  body  d«ai£nd  duiiug  the  4th  second  cf  i 
.loll!  A.ia.  Wi^a  ft. 

£z.  4.  In  what  time  would  a  body  ndiuiie  a  velocity  of  160^  ft.  ! 


When  a  botly  ia  prq)ecli?J  vorlically  npward,  its  motion 
uniformly  retarded,  and  it  will  rise  U>  the  same  height  as  thai 
from  which  it  would  liave  lo  fall  in  order  to  aefjuire  the  t« 

locity  of  jii-ojpclion. 

Thus,  for  eianiple.  if  the  body  be  pitjcctPd  vratically  upward  -with 
veloiiCyof  3  times  32  j,  the  force  of  gravity  will  destrny  all  ils 
tit  3  second',  m  that  tliu  hciglit  to  wlwh  it  will  rise  will  be  equal  V 
3*  X  le,^  ft.  =  HlJ  ft. 

Kx.  I.  If  n  body  be  prrjei'tcd  vnliciilly  upward'witli  a  VElodty  ( 
\m  fL  per  iiecond.  to  what  height  wiU  it  oiictiidf  A>a.  579  it. 

lit.  2,  If  a  body  be  pnijcclwl  vprtii-uUy  upward  with  a  velocity  C 
64^  (L|  ill  what  time  will  it  return  lo  the  ground?  Atit.  i  eec. 

28.  "Wlu'n  a  I'l'ly  i^  i.riiji'cti'^i  obliqufily  in  rhfl  air,  it  di 
Bcrilioa  a  cui'ved  line,  wliiuli  is  ciiUcd  a  jiaralmln. 
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Were  it  not  for  the  force  of  gravity,  the  body,  according  to  the  fint 
law  of  motion,  would  move  uniformly  on  in  the  direction  of  the  straight 
line  in  which  it  is  projected ;  but  the  force  of  gravity  causes  it  to  be  de- 
flected from  this  straight  line ;  so  that,  under  the  combined  acdon  of  the 
force  of  prqjection  and  that  of  gravity,  the  body  moves  in  a  curved 
line.  When  the  body  reaches  the  highest  point,  it  descends  in  a  curve 
which  18  exactly  the  same  as  the  curve  which  it  pursued  in  its  ascent. 


Fig.  23. 


) 


Let  a  body  be  projected  in  the  line  a  h  (see  Fig.  23,)  with  a  velocity 
which  would  carry  it  (if  gravity  witc  not  acting)  from  a  to  I  in  1  sec- 
ond, frt)m  a  to  II  in  2  seconds,  and  so  on ;  then  the  path  of  the  body  "will 
be  in  the  parabola  a  d  ef  yy  whtre  e  is  the  Iiighcst  point  of  ascent,  and 
the  curve  efyoi  descent  has  the  same  form  as  the  ciur^e  a  d  e  of  ascent. 
The  path  of  the  projeetilr  may  b«.'  found  in  the  following  manner :  — 
Draw  the  vertical  a  c;  take  a  A  =  IG  j'ji,  the  space  through  which  a 
3* 
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body  will  fill]  in  1  second ;  a  J  ^  4  X  ^^jzi  die  space  Ihnnigli  which  k 
bully  will  tkil  ill  2  biuimJa ;  a  A  ^  9  X  l<i  iV>  th>^  spufc  thivugh  whid 
a  bwly  will  lall  Lii  3  tecoudai  und  eo  oil :  dtaw  h  d,  i  a,  kf,  iic,  puullel 
tu  u  A,  uid.  isiifisei^tiiig  Itie  vertii:als  drawn  thraugh  tht'  puiiiu  1,  U,  HI, 
ac.,  iu  the  poiuu  <  «,/i  &ia.,  tlujii  Ibe  putb  of  (be  prqJL'ciile  wilt  be 
the  curve  a  d  »/g. 

'Jfie  J^/uiulum. 

29.  The  times  of  the  vibratioiu  of  ibe  pendulum  are  very 
neurly  equal,  whetber  it  be  moving  much  or  little  ;  that  in  to 
Buj,  whether  iLb  arc  descrilx'cl  by  it  be  large  ur  small. 

Hence  it  is  cniiJoyeil  to  rrRiihile  the  matbinery  of  our  clocks.  Th« 
time  which  a  pendiiluin  tnke«  to  make  a  Tibralion  depends  upon  il 
length ;  it  is  well  knonTi  that  the  kinger  the  pendulum  tht  grc-nter  is  (h 
time  which  it  takes  to  periurm  a  vibradoii.  It  hns  bet-n  ancci'tained  that 
the  lengths  of  diil'Crcnt  pcnduluina  vary  as  the  squares  of  thiar 
times  of  Tibratians  :  thus,  a  pendulum  which  vihiatcs  in  3  seconds 
be  nine  tims  the  length  of  a  pEtiduhim  which  vibrata  in  I  seciHid ;  a . 
paiduhim  which  Tihrotes  in  half  a  second  must  he  a  quarter  the  length 
of  ■  pendulum  which  vibnitte  in  1  nccond ;  and  nq  on.  Tlie  length  (rf 
a  p«3idulura  Tibrating  seconds  at  London  is  abuut  30  J  iiicheK.and  tbere- 
lote  the  length  of  a  pendulum  to  vibrotu  half-secondt)  must  be  the  quar- 
tet of  SBj  inches,  or  about  D^  inches 

Motion  TomJ  a  Cailre. 

30.  When  a  btxly  tnovea  round  a  wnli^,  it  is 
by  two  forees,  viz.,  the  force  of  prn/ei^lion,  wliidi  gives  tb» 
body  motion,  and  the  cenlripetal  force,  or  centre-seeking  forOBi 
which  relains  it  in  its  circular  patla,  thereby  preventing  it  itaii 
lljang  olT  in  a  slrntght  line,  or  in  a  tangent  line  to  tlie  curves 
This  tendency  lo  Hy  ofl'  in  a  tanj,'eiit  is  called  rhe  ecntrifugtd 
force,  or  cenlre-fiyinfr  force.  This  force  is  founltracttid  by  tlte 
centripetal  force. 

8ucb  is  the  motion  of  the  plnnets  round  the  Bnn.  and  the  eatcllita 
nund  their  inxpcetlre  primaiies.  The  gtnvitatinn  of  the  plniiels  tuwonls 
fhe  nui  il  the  centripctnl  (hrce,  nnd  the  tartx  nf  pngcclion  we  avume 
bave  been  at  Gm  given  to  the  vurioua  planctn  by  the  hand  of  the 

One  tif  thn  mi^i  fAmilliU  ir,>itui>.^  ut'  inuli.tii  ninii.I  »  c.Mn-  L-.  ili 
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rinEng  modoD  giTcn  to  b  stone  in  *  sling.  Here  the  propelling  lone, 
t»  lie  Jcnw  of  pnijectiini,  is  given  by  the  haud,  and  the  centripetal  force 
b  nlribitBd  in  tho  taudon  d  the  Btiing ;  when  we  quit  the  string,  the 
ctBtiipeta]  btce  no  kager  sets,  und-the  stone,  by  the  action  of  the  cen- 
tiAipl  fixce  generated  by  the  irbirling  moticn,  flice  off  at  a  tangent. 

WVd  we  whirl  a  mop,  the  waus  Sics  from  it  by  (Ik  action  of  the 
Mbifti^  fiiree,  snd  the  thread*  ^  the  mop  asnune  tbeformof  aqthe- 
n<d,vDf  ■  sphae  flattened  at  the  poles  of  revolution.  In  like  manner 
tk  onb  is  a  great  globe  flattened  at  (he  poles.  The  rotation  of  the 
oth  npon  ii>  axis  has  canaed  the  equatorial  parts  to  bulge  out. 

Vhen  a  carriage  is  moved  rapidly  round  a  comer,  it  ia  very  liable  to 
bcomtunied  by  the  ccniiifiiga]  force  thus  tmnight  into  action. 

^Vliei  sn  animal  move*  round  in  a  circle,  he  leans  towards  the  centre, 
n  cria  to  connteract  the  centrifugol  force. 

^nvn  nilwBys  fbnn  a  rapid  curve,  the  outer  rail,  D,  (Fig.  24,)  is  laid 
ti^  than  the  inner  tail,  E,  in  onlci  to  counteract  the  eflbct  of  tho  cen- 


F»g.  24. 

^ttgil  face,  which,  acting  through  the  centre  of  gravity,  O,  of  the  ci 
•"gt.  Ua  a  tendency  to  throw  it  off  the  line.    'ITie  rise,  K  D,  of  the  ou' 
^  *U1  of  course  dcptnd  upon  the  quickneffi  of  the 
font  uid  the  bmidth  of  the  rail.  ,    w 

"In  tidlowing  instmctivc  cxperinici 
f**»nied  by  conjuipni :   A  T!  is  a  hoop  t 


vohn 


a,  O  ;  W  u 


Ivvd  within  the  hoop.  Now,  when  a  rapid  motion 
viDtilioD  ia  given  to  the  hoop,  the  wine  ghue  of 
*Ka'  B  snetaincd  in  its  place  by  the  centrifugal  tbrce 
w  ■  thus  generated ;  and  if  the  cxjieriment  be  care- 
Uy  made,  not  a  single  drop  of  water  will  be  thrown 
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LABORING   FORCES. 

31.  When  work  is  performed  by  any  agent,  theire  is  always  a  certain 
weight  or  resistance  moved  over  a  certain  space,  llie  amount  of  work 
done  will  obviously  dq)end  upon  the  weight  or  resistance  that  is  moved* 
and  the  space  over  which  it  is  moved.  In  order  to  estimate  the  Amnnnt 
of  work  done  by  any  laboring  fixrcc^  it  is  requisite  that  we  should  fix 
upon  some  unit  of  toork.  Now,  the  unit  of  work  adopted  in  this  ccwn- 
try  is  tlio  labor  expended  in  raisuig  a  pound  weight  one  foot  high  in  op- 
position to  gravity ;  or,  what  amounts  to  the  same  thing,  it  is  the  labor 
cxjKaided  in  moving  a  rcsLstance  of  one  pound  through  the  space  of 
one  foot  in  oi)position  to  the  direction  in  which  the  resistance  acts.  Ftom 
this  detinition  of  a  unit  of  work  it  follows,  that 

Tlie  work  expended  in  raising  any  body  in  opposition  to 
gnivity  is  ec^ual  to  the  product  of  its  weight  in  pounds  by  the 
vertical  space  in  feet  thi*ough  which  it  is  raised. 

For  example,  the  work  expended  in  raising  50  lbs.  to  the  height  of  20 
feet  xvin.  be  equal  to  ,50  X  20  =  iOOO. 

Li  calculating  the  work  nxjuisite  to  pump  water  fixnn  a  mine,  it  is 
only  necessary  that  we  should  iind  the  weight  of  the  water  in  poundSv 
and  then  midtiiJy  thia  residt  by  the  dc^pth  of  the  mine  in  feet. 

AVhcn  a  horse  draws  a  carriage  along  a  road,  the  work  which  he  per- 
fonns  {»  expaided  in  overcoming  the  re^ancc  of  the  friction  cxf  the  road 
to  the  motion  of  the  carriage.  Now,  on  any  given  load,  this  resistance 
of  friction  in  simply  proiwrtional  to  the  weight  of  the  load ;  so  that,  in 
c{J(..nlating  the  work,  we  allow  so  many  jx)unds'  resistance  for  every  ton 
wcij^lit  in  the  load.  The  work  in  this  case  will  lie  found  by  multiplying 
the  total  resist jin<(?  of  friction  ui  ]K>iuids  by  the  ayisicc  in  feet  o\'cr  which 
the  carriaf^e  h<  moved. 

It  is  ult«  customary  to  expnvs  work  in  units  of  a  hone  power.  Watt 
estiniJit(Kl  that  a  horse  could  perform  .33,000  unitHof  work  per  minute; 
this  work,  tlicrcfore,  is  called  a  horse  ix)wct.  In  order,  therefore,  to 
dctcTinine  the  number  of  horse  powers  of  an  engine  requisite  for  per- 
fonning  a  certain  amoimt  of  work,  we  must  first  find  the  number  of 
units  of  work  which  must  be  done  per  minute,  and  thou  divide  this 
result  by  .'};l,0()0  to  find  tlif  number  of  hor^^  ^yiwirs. 

Kx.vmi'm:s. 

Kx.  1 .  ITow  many  horse  powers  woidd  it  take  to  raise  2  cwt.  of 
coals  \KT  minute  from  a  i>it  whose  dt-pth  is  100  fathoms? 

Weight  of  the  coals  in  lljs.  =  2  X  UU  ==  224  ; 
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Dopth  of  the  pit  in  feet,  =      6  X  100  =        600 ; 

Viatk  to  be  done  per  min.,  =  224  X  600  =  134.400 ; 

-.        ^  ^  134.400 

No.  of  horae  powers,  =  -—--—r  =  4.07,  Am. 

tf  0,000 

£s.  S.    Required  the  same  as  in  the  last  example,  when  the  weight 

of  the  eoak  is  1  cwt.,  and  the  depth  of  the  pit  is  400  fathoms. 

Ana,  8.14. 
£r.  8.    How  many  horse  powen  would  be  required  to  raise  1000 
cubic  feet  of  water  per  hour  fitan  a  mine  whose  depth  is  ninety  fathoms  ? 
Weight  of  water  in  lbs.  =  62.6  X  1000  =  62,600  lbs. ; 
Depth  d  the  mine  in  feet  =  6  X  90  =  640  feet ; 

Work  to  be  done  per  hour  =  62,500  X  540 ; 

w    v  *    K    J  .  ^2.500  X  540 

WouL  to  be  done  per  mm.  = — =  6:^,600  X  9 ; 

60 

--       - , 62,S0O  X  9 

No.  of  hoK  powen.  =      330,00  "  =  "'  ^'"' 

Ex,  4.  Required  the  same  as  in  the  last  example,  when  the  number 
of  cubic  fiset  of  water  =b  1260,  and  the  depth  of  the  mine  =:  43  fath- 
<«»•  Am,  10.1. 

Ex,  5,  If  a  man  can  perform  2500  units  of  work  per  minute,  in 
what  time  will  he  pump  100  cubic  feet  of  water  from  a  well  whose  depth 
18  600  &et? 

Work  to  be  done  =  100  X  62.5  X  500 ; 

^                                      100  X  62.5  X  500  1250 

Time  to  do  the  work  = ^.r^ =  1260  minutes,  =  -^ 

ss  20.83  houn^  Am. 

Ex.  6.  liequired  the  same  as  in  the  last  example,  when  the  nimiber 
of  cubic  feet  of  water  =  60,  and  the  depth  of  the  well  =  250  feet. 

Ans.  5.2  hours. 

Ex.  7.     What  must  be  the  horse  powers  of  a  locomotive  engine  which 

moves  at  the  steady  speed  of  30  mile's  per  hour,  on  a  Ic^'cl  rail,  the  weight 

of  the  train  being  25  tons,  and  the  rcs>islaiice  of  friction  at  the  rate  of 

8  lbs.  far  every  ton? 

Total  resistance  of  friction  =  8  X  25  =  200  lbs; 

30  X  5280 

Distance  this  resistance  is  moved  over  in  ft.  per  min.  = 

00 

*=  2640  feet; 

Work  to  be  done  every  minute  =  200  X  2G40  ; 

200  X  20  to 
II<irsc  i)0were  of  the  engine  to  do  this  work  =  —      ^^ —  =16  horse 

powers,  AftM.       « 

Ex.  8.  Required  the  same  as  in  the  last  example,  when  the  speed  = 
26  milca,  and  the  weight  of  the  engine  =  60  tons. 

Atu.  32  horse  powers. 
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General   Views  relative  to  Machines. 

32.  The  object  of  niachinery,  properly  so  called,  is  to  regulate  the  dis- 
tribution, or  change  the  direction  of  work,  not  to  increase  it.  If  there 
M'crc  no  friction  or  any  other  resistances  to  the  motion  of  the  pieces  cxmi- 
posing  a  machine,  the  work  that  would  be  given  out  would  be  exactly 
equal  to  the  work  applied.  Dead  matter,  by  its  gravity,  produces  pres- 
sure, and  by  the  intervention  of  mechanism,  that  pressure  may  be  in- 
creased or  dtx^rcosed ;  but  work  is  peculiarly  the  production  of  actire  or 
living  agents.  To  suppose  that  machines  are  capable  of  augmenting 
work  would  be  endoA^ing  inert  matter  with  a  creative  power — the 
ix)wcr  of  creating  work. 

In  oil  iiustances  of  labor  performed  by  inanimate  matter,  there  is 
sonic  active  •  ugont  of  natiu-c,  such  as  heat,  electridt}',  or  gravitation, 
which  gives  rL<c  to  the  work ;  but,  in  the  case  of  merely  mechanical 
arrungcnicnUs  the  inert  mutter  is  the  passive  recipient  of  work,  or  the 
cluuinel  t}irouu;h  wliii'h  it  tluws.  Hence  we  may  lay  it  do'wn  as  a  fim- 
dmueiitid.  uxiuni  in  nicxhiinics,  tliat  (abstracted  from  friction  and  the 
rcsb^tunce  of  tlic  air)  the  trork  doiic  by  any  machine  is  the  same  as  the 
imrk  appUnl.  N(j\v,  as  the  work  is  the  jiroduct  of  pressure  and  motion, 
it  follows  that,  if  the  working  point  of  a  machine  moves  more  slowly 
than  the  driving  {X)iiit,  then  tln^  prrssiin*  at  the  former  wDl  be  greater 
than  it  Is  at  tlio  latter.  Thus,  for  example,  if  the  power  applied  to  the 
extremity  of  a  l«vcr  moves  tuici-  as  fast  as  tlie  weight  or  resistance  at 
the  (jilier  extremity,  llu'n  the  jm^siiw  of  tlie  ix>wcr,  in  order  to  raise  the 
weight,  miLst  bo  only  cmc  hidf  of  the  pressure  of  tlie  weight  or  resist- 
ance, for  then  the  work  njiplied  by  the  ix)wer  would  be  exactly  equal  to 
the  work  done  in  raising  the  weight  or  resistance.  So,  in  like  numncr, 
ill  any  urrangwneiit  of  wheels  or  pulleys,  if  the  power  aiiplied  mores 
say  nine  times  as  fast  as  the  resistance  or  weight  to  be  raised,  then  tlie 
pru-NSure  of  the  jjower,  m  order  to  raise  the  weight,  must  be  only  one 
ninth  of  the  pr(^>^ure  of  the  weight  or  n'si>taiice. 

Thus  it  apiKJirs,  from  the  principle  of  tlie  equality  of  work,  that  where 
the  jjower  ai)]iUe(i  to  a  niaehiiie  is  just  able  to  ralst?  the  weight  or  rcsL»t- 
aiice,  (he  jjotrrr  and  the  oH-tf/ht  trill  be  to  oo/-h  other  in  tersely  at  their 
Vi'locities;  or,  in  oIIilt  wonls,  the  weij^lit  moved  will  Ik)  as  many  times 
greater  thnn  the  powcT  applied  to  move  it,  as  the  velocity  of  the  power  is 
greater  tluui  that  of  tlic  weight.  Now,  the  nnnilKT  of  times  that  the 
wciglit  Is  greater  than  the  jHrner  is  called  the  advantage  gained  by  the 
machine.  Hcnice  the  advantage  gainetl  is  etjual  to  the  number  of  times 
that  the  velocity  of  the  power  is  greater  than  that  of  the  weight ;  or,  in 
more  pR-iLse  language, 

TIjc    H(lvaiil;i*:«j    giiiiied   by   a   niachino    is    equul    to    the 
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Telocity   of   the  power  divided  by  the  velocity  of  the  re- 
Nstance. 

This  b  sometimes  called  the  principle  of  Tirtual  velocities.     Practical 
mat  expresB  this  law  by  saying,  **  What  you  ytun  in  potoer  you  lose  in 
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The  simple  ntachines,  or  mechaniaU  poioera,  as  they  have  been  called, 
—  the  lever,  the  wheel  and  axle,  the  puUcy,  the  inclined  plane,  the 
wedge,  and  the  screw,  —  enable  man  to  adopt  any  species  and  speed  of 
pcm*er  which  he  can  command,  to  almost  any  work  which  he  has  to 
aooompliah.  But,  as  we  have  already  explained,  the  advantage  gained  is 
amply  an  advantage  of  pressure,  not  of  work ;  for  what  is  giiincd  in 
picaBuic  is  lost  in  speed,  and  therefore  the  actual  amount  of  work  done 
by  means  of  the  mechanical  power  Ls  neither  increased  nor  decreased  ;  in- 
deed, if  the  friction  of  the  parts  of  the  machine  is  taken  into  accoimt, 
the  wntk  done  by  it  is  really  less  than  th:it  which  would  be  done  by  the 
sum  laboring  without  the  intervention  of  such  machinery. 

The  Lever, 

33.  The  lever  is  an  inflexible  bar  or  rod,  turning  on  a 
pivot,  which  is  called  the  fulcrum.  It  is  used  for  raising 
hefivy  weights  over  a  short  distance. 


NaL 


No.  2. 


Fig.  26. 


Thus,  P  W,  (Fij».  26)  represents  a  crowbar  or  lever,  W  the  resistance, 
F  the  fulcrum,  and  P  the  point  at  which  the  power  is  applied. 

Fig.  27  rcprca»ents  a  lever ;  C,  the  fulcrum  or  centre  of  motion ;  P  (J, 
tbe  arm  to  which  the  pressure  of  the  power,  P,  is  applied;  and  (;  \\\ 
the  arm  to  which  the  pressure  of  the  weight,  or  resistance,  W,  is 
^iplicd. 

Nov,  when  the  kvcr  comes  to  the  position  p  w,  the  powcr^  P,  has 
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moved  over  the  arc  P  p,  while  the 
weight  W  has  moved  over  tlie  arc 
W  u);  tluac  urcji,  therefore,  respec- 
tively rupreiseut  the  velocities  of 
P  uiicl  W. 

Here,  if  the  arm  C  P  were 
double  the  anu  C  AV,  the  velocity 
of  1*  WiJiild  be  double  that  of  W, 

fur  ii  doulile  nidiud  would  Mwecp  over  a  double  arc :  and  if  the  aim  C  P 
were  thiee  thiics  the  length  of  tlic  arm  C  W,  the  velocity  of  P  would 
Ix;  tliree  tunes  that  of  W ;  and  so  on :  so  that  the  velocity  of  the  power 
ifi  us  muuy  timed  the  velocity  of  the  weight  as  the  aim  by  which  the 
power  acts  is  longer  tlum  the  ann  by  which  the  weight  acts ;  and  there- 
fore, fn)ni  what  has  been  cxijlained,  the  advantage  gained  viill  be  fennd 
by  iindiug  the  number  of  times  that  the  arm  C  P  is  greater  than  the  aim 
C  W  ;  ihui^y  if  C  P  be  3  times  the  length  of  CW,  the  advantage  gained 
will  t)e  lit  Olid  a  pn»i$ure  of  1  cwt.  at  P  will  raise  a  resistance  or  weight 
of  »  cwt.  at  W.  Again,  if  C  P  =  5  feet,  and  G  Wes  4  foot,  tbcn  the 
advantage  gained  wUl  be  10,  because  5  feet  ore  equal  to  10  times  i  fiwC ; 
and  so  on  to  other  cases. 

3'i.  Levers  are  divided  into  three  kinds,  according  to  the 
relative  positions  of  the  power  and  weight  with  respect  .to  the 
fulcrum. 

Fig.  28  represents  a  lever  of  the  /rat    A.  c F B 

kiiKi,  where  the  power  P  and  weight  W  ^^ 

act  (in  opposite  wdcs  of  the  fulcrum  F. 
Fis.  20,  Xo.  1,  also  represents  a  lever  of 
the  first  kind. 

Fig.  20  riT)r«»cnt»  a  lever  of  the  second 
kiml,  whiTC  the  power  P  and  weight  W 


A 
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act  on  tlie  «mie  side  of  the  fulcrum  F ;  but  W  is  nearer  to  the  ftilcrom 
than  P.    Fig.  26,  No.  2,  also  represents  a  lever  of  the  second  kind. 
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Fig.  30 
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Fig.  30  nx'^'acBts  a  lever  of  the  rttrd  Aiiul,  wliero  ihr  power,  P,  omi 
miglK,  W,  Ki  ou  the  »nme  mdc  o(  the  fidurum,  F ;  but  P,  in  this  tmc, 
w  lusrsr  lo  the  ruliruQi  than  W. 

Whm  B  mnn  hums  a  lodder  apinst  a  wall,  (bo;  Rg,  31,)  hn  emplnyB 
a  IcTW  of  the  third  kind.  Id  this  case,  the  tiilcruiu  in  at  the  fool  of  llw 
bddet,  the  power  is  nfpUcd  hj  the  hand  of  the 
nun,  and  tbc  resUtimoe  is  the  weight  of  the 
Isdibt  italic  which  acts  through  its  centre  of 

^:-..Tily.  ti. 

In  the  h-TiT  of  the  Bcnmd  kind,  (see  Fig.  29,) 
.1  ti«  nm  A  F,  by  which  the  powet  acta,  is  S 
ttvL,  and  (hi!  Bin  B  F.  Iiy  which  the  weight 
h  1*  2  '^^  '*«*'  'lie  advantage  gained  will 
hat  is  to  aaj,  s  power  of  1 
k  a|ipli«d  at  A  will  jiut  hoJance  a  wdght 
U  applied  Bl  D,  and  a  power  of  60  Iba. 
il  A  will  balimce  a  weight  of  2i  tii 
b,  or  U4t  U».,  apphcd  at  II ;  and  so  ot 

B  the  Iffm  of  the  third  kind,  (eo;  Fig.  30,)  Fiy.  31. 

e  b  poni  lost:  for  ciample,  if  B  F  be 

g  A  F,  then  a  wdghl  of  1  ewt.  (u^pcnded  at  B  will  tcquire  a 
r,  r,  of  3  ewt.  i^7|ili«d  at  A  tti  suetain  it. 
'A  pJia,  u  tl  in  UEUaltjr  cmpluycd  in  atining  the  tire,  is  an  iniUmee 
of  a  Ir*rr  of  tin-  fift  kind ;  whin'  the  bar  of  the  grnle  fa  the  fulLTiini, 
4n*l  (he  iiai«lance  moved  ia  the  coal  of  the  Are.  The  clawed  hanuner, 
■•  tl  it  iBnl  in  drawing  out  a  nul.  is  also  a  lever  of  the  GT«t  kind.  The 
imt^oiciia'.  thv  oar.  &c,,  are  Icrers  of  the  »vond  kind.  The  Hrc  tongs, 
Ifao  ngar  Uaigs,  fcc,  bcluijg  Ui  lerera  of  the  third  kind. 

Wheel  and  Arle. 

iS.    T^  mechanieal  power  a  only  another  ftmn  of  the  lever.  whcM 
'jj.-  power i>  mode  tout  without  intpmiicaion.    In  its  must  smple  Rirm, 
■  horijanita]  axle.  A,  |  Fig.  32, )  and  large  wheel,  R,  widdi 
■  two  pivot*  lupportnl  in  RudgcfniK.    A  rard  wrapping  round 
i,  nv-taina  tha  wrijlht.  W,  and  another  cord  wrapping  round 
I  Ri  in  a  coutnrv  dirKtion,  suntiun*!  the  power,  P.    llinc 
:t  in  the  direetioii  of  a  linnent  to  the  circle.    Here  Ihe 
ft  of  the  poH-er  ii  thf  tadiiiK  of  the  whi-i^l.  Bnd  tlie  levers^  of  tlM> 
■  railiiu  of  the  axle ;  henoc  llie  adranlsge  gained  is  equal 
biT  of  tiuun  that  Ihc  rndiuii  of  the  axle  is  contained  in  the 
w  wlii«l :  tliUK,  if  the  mdiiu  of  the  wheel  is  2i  iniho.  •nd 
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that  of  the  axle  3  inches  then  the  ndvontsge  gained  would  bo  8,  and  ■ 
powtT  of  1  cwt.  applied  to  the  wh<*l 
vciuld  bulancc  a  weight  of  8  cwt. 
nufpoidcd  from  the  axle. 

S6.  The  windlaxH  is  cmlj  another 
fonn  of  the  whc-cl  and  axle,  where  tho 
handle  C  B  ia  Bubstitutcd  in  the 
place  of  the  wheol.  In  tliia  rnsc,  the 
odviintagc  gaiitod  is  equal  to  the  num- 
ber of  times  that  the  lenRth  of  handle 
is  (ircatcr  than  the  radiiw  of  the  axle ! 
thiif,  for  cxumiiln,  if  the  Icn^  of  the 
hiindle  ia  IH  inchrv,  and  the  radius  of 
thv  axle  ie  2  inchis.  then  the  advuntnKe  would  bi 


I  weight  W  of  S  t 


fiO  Hh.  ap[^ed  at  the  handle  would  just  n 
GO  11a,  or  540  lbs. 


Combination  of  THireU  and  Ariel. 

37.  In  Fi);.  34,  F  iji  a  wheel,  to  which  the  power  1'  is  applied,  and 
I)  V  its  axle,  tunung  upon  a  common  axlg ;  A  D  another  wheel,  vrith 
its  axle  K  sustaining  the  weight, 
W.     The  motion  of  the  anle 
B  (Mh  tmtih-mitted  tii  the  wheel 
A  iir  mouiiH  of  a  cord. 

To  calculule  the  advantage 
gained,  let  the  Ta[Uui>  of  the 
wheel   F  lie  IS    iiithes,  that  of 


itsnxIcIIC 


S  then 


of  the  wlirtl  A  1>  3ii  iuilioi, 
and  that  of  ibt  wile  R  3  inches ; 
then  the  advantaec  gained  by 
the  lint  wliccl  and  axle  will  be 
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eqo*]  to  IS  -^  2  ^  S,  M>  that  if  P  be  1  lb.,  A  will  produce  a  force  of  9 
ttii.  OD  tbe  cord  C  A.  The  advantBgc  giunol  by  the  SL-coiid  wliecl  aiid 
uxie  via  be  36  -r  3  =  12,  so  thai  a  toiec  of  I  lb.  applied  to  the  cord, 
C  A,  will  8iutain  k  wdghi  \V  of  12  ibs. ;  and  thyrelbrc  a^weigbt  of  9 
tl«.  iq;|Jied  to  tho  coid  C  A  «-ill  sustain  a  weight  W  of  9  limes  12 
Uw.,  or  108  Iba. ;  so  that  the  total  advantage  gained  will  be  lotj. 

Coffffed   Wheels. 

3S.   Let  D  (Fig.  36)  be  a  cogged  or  toothed  tehetl,  turning  upon  the 
nine  axis  as  the  wheel  C  ;  Q  anotha  cogged  wheel,  acted  upon  by  the 
ibmuT,  and  turning  upon  the  name 
•xia  as  the  axle  L     From  the  wheel  ~ 

C  is  suspended  the  power  P,  and 
ttnrn  tbe  axle  I,  tbe  weight  W; 
then  while  P  deecends,  the  wheel  C 
and  tbe  cog  D  will  be  turned  round, 
«nd  a  comqioadiug  number  of  teeth 
in  the  cog  Q  will  be  turned  inaoon- 
timrj  ditection ;  and  thus  the  cord  ' 
I  W  will  be  coiled  up  upon  the  axle 
I,  and  the  weight  W  will  be  raised. 

When  the  radii  of  the  wheda  and  axlee  are  giTen,  the  advantage 
gained  bj  this    machine  will  be 
found  in  the  aame  manner  as  in  the 
fvtgtnng  comhination. 

33.  When  the  axlo  is  placed  in 
a  TLTticu]  pOidtLon,  and  the  power 
14  spplii-d  by  mcanx  of  ban  or  luvcni 
inaertcd  into  the  boles  at  H,  as 
shown  in  Fig.  36,  the  macWne  is 
caned  a  capMlau.  In  this  case,  the 
taWe  coih  round  the  hiIc  in  the 
farm  of  an  endjcm  rope,  which 
winds  raund  the  lot^'cr  port  of  the 
axle,    and    at   the  tame   time  un- 


Fi^.  30. 


o  enable  the 


in  of  the 


winds  from  the  upper  port.    The  axle  a  mailo  coi 
voiknian  to  shift  the  cablr  ui>wards.  as  it  bcconic!<  mxTtitinry. 

40.  ThcyiAfrow,nTir»ent"linFi(;.  3lln,  inn  uwfiil  opplicai 
wheel  and  axle ;  I)  ()  i*  a  VL-iticol  benin,  n^tinji  aa  ui^U  ili  tumiiit;  upim 
■  piTot  at  ill  under  end.  mid  suppoitcd  in  its  upriijht  )K>!Ution  by  sUiy* 
in  the  floor,  with  tnlliTi  Bttoched  to  tbcni ;  K  B  is  on  arm  projecting 
fam  the  beam  D  O,  having  a  pulley  B  at  its  extremity ;  the  axes  of 
the  wheel  work  tie  supported  by  two  east  iron  crones,  balled  on  each 
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ride  of  the  Ycrdtttl  beam ;  H,  the  -winch  or  handle,  tumB  a  pinion 
fixed  on  ita  uxLf ;  thLi  pinion  tuma  the  spur  whe^  a,  which  carritt 
a  pinion  on  its  axLi ;  thm  this  Intter  pinion  turns  the  lui^e  vliccl 
C,  nith  its  barrel  or  axlrr  A,  round  which  the  clioin  in  coilril :  thin  chain 
piL>b(9  ovci  the  pulley  B,  and  has  a.  hook  at  its  extremity  for  laying 
hold  of  the  weight  to  be  raised;  the  Ituml  A  has  a  ratchet  wheel  and 
detent  to  prevent  uny  Tcrail.  As  the  pb  niimits  of  being  turnacl  round 
in  uny  dirretion,  a  weight  laiiied  from  one  nide  of  it  miiy  be  turned 
round  and  let  down  at  the  Ojiporite  side,  or  at  any  part  within  the  sii-cep 
of  the  gib.  To  understand  the  couBtruetion  of  a  trane,  you  ehould  go  and 
Mc  one  at  work. 

Hie  Pulley, 

41.  Vilum  a  rc^  P  A  B  W  panics  over  a  tlxcd  whed  C  tuming  on 
an  axis,  the  niechanwm  is  called  a  pulley.  A  (brce  pull- 
ing at  the  cord  P  A  causes  the  wheel  V  to  turn  u|Nni  its 
axis  from  the  fiictkm  of  the  I'ord  on  its  ed^c ;  and  aa  the 
wheel  turun  it  givca  off  cord  equal  in  length  to  the  (pace 
dmcribed  by  ita  cireumfcrcnce. 

Hero  the  motion  of  P  and  W  murt  he  equal ;  fin, 
whatevCT  space  P  may  descend,  W  will  ascend  thnmgh 
the  aamc  Kpace.  Moreover,  when  equilibrium  takes  place, 
the  tcnrion  or  irtretrh  of  the  wincle  cord  PAH  W  must 
be  the  winie  in  every  port,  and  the  tf 
A  P  will  be  ti>v  nanie  a»  the  u 

thercfire  the  weight  P  must  be  equal  to  the  weight  W,     "  pjg,  37. 
in  order  to  pnxluca  these  equal  tenriixu. 


;le  cord  PAH  W  must 

le  tPHMon  of  the  portion     j^    ' 

on  nf  the  portion  I!  W;    "B*^ 


TBS  eChLST. 

no-  3S  tlum  tlia  manrcr  In  vhkh  a 
palli.'7  w  cuuIriiiiAl. 

Tbc  iNilU'r  b  i-aiil  lo  be  /jwd  or  au- 
nU*,  Mvunliiig  U  lU  \iock  it  &xa\  at 
ibkbUc    T1ii3«  are  vaiioiu  (»tu1ii»a- 
Ui>B  of  polley«  1  in  kll  of  iliara  >  farce   r 
aOtd  tlio|u«or[P|  u  np;ilial  in  the 
Ai*t  (trioei  aiul   tliii  BuMaiiis  nnolher   | 
fain.  ralUJ  ilw  wdght  tWO  »ppl 
iDUwhXKHiig. 

In  F%.  S3  1  uuutinuouii  Rird  P  A  B  D 
l^aai  ixriT  a  muruAiii  pulley  C,  uid  u 
fawd  tn  a  hnok  at  D.  The  pmet  ia  apiJied  at  T ;  and  thv  weight  ^ 
to  \m  Mind  i>  nispcndcd  born  ibe  block  of  the  pulley.  Ilfrc,  hh  W  u 
— ycnJril  \fj  Iivd  ciittlji  A  F  uid  D  Ji.  cwh  roid  niiial  suMiuii  dug 
batf  the  ird^ht  —  that  U  to  wiy,  tbc  power  will  be  one  lulT  the  weight, 
IK  a  prma  (/ 1  lb.  will  auppait  a  wiight  W  □!  2  lb» 


Fig.  3B. 
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Fig.  40. 


■  Pi|.  to  F  ii  a//«j  palley,  and  C  a  mornblp  one  i  the  un(;lc  or  con- 
3  P  K  Ct  A  B  D  pBHWH  nver  ihc  whwle  F  and  C,  and  U  H\vd 
Kk  hook  t>.  It  W,  «-iih  iu  puUc;  C,  sKcnd  1  foot,  tbe  mrda  B  D 
d  A  Q  iriU  oach  be  (Jxirlaiid  1  foot,  and  thCTeforc  the  cnrd  K  P  will 
3  (bet  —that  if.  the  relodty  ofP  will  be  double  tbe  vd<K 
■  and.  thnvfivT,  on  the  principle  of  virtual  veloritiia.  Ilia 
II  ht  3  —  tliut  i»  lo  (s;.  I  tb.  suspi^nded  at  P  « ill  »ii»t»ii.  3 


itW. 


fey  TViwion.  — The  aratlB  «.rd  P  Q  B  I)  wUl  b 
RlnvTwrputi  luiw,  WhaiitiBby  thGtwacardsBD  nnd.\(l 
irii  end  niuM  •uftiuii  a  weight  ojuol  lu  auu  half  W  —  tliut  i' 


the 
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tbe  cord  A  Q  nill  have  a  tension  of  one  half  W ;  but  this  tauioa  ia  i^ 
Hisled  hy  llif  power  at  P  ;  [heruJijre  1'  must  also  be  one  half  W. 

Li  ihi!  uimexixl  s}-bCi.'di  thirc  am  ivo  movable  pulleys,  A  and  B,  and 

one  filed  pulley,  C     IIitc  the  string  to  which  j^ 

the  poH'Ci  in  attached  pa»«es  urei  the  tixed  pul- 
ley C,  then  round  tlie  movable  pulley  A,  end 
has  its  extremity  fixtxl  at  T.  Another  string 
u  attached  to  the  block  of  the  pulley  A,  thai 
posses  round  the  movable  pulley  B,  and  has  its 
extremity  fixed  at  N.  Here  P  Q  R  A  T,  being 
a  continuous  cord,  will  be  stielehed  equally 
throughout  the  whole  of  its  length  i  and  the 
cords  A  It  and  S  T  wiU  each  have  a  tenrion  P 
lbs. ;  and,  therefore,  a  weight  of  2  P  Ibd.  must 
be  suspended  &om  D.  In  like  manner,  since 
D  B  L  N  is  a  continuous  cord,  L  N  and  B  D 
will  have  the  some  teusion  —  that  is,  each  of 
them  will  have  a  tension  of  2  P  lbs. ;  and, 
therefore,  a  weight  of  twice  2  P  lbs.,  or  i  P 
Uh.,  must  be  siiii]icnded  from  K ;  that  is  to  say, 
inthesvRtem  represented  in  Fig.  II,  we  ktveW^ 

In  this  system,  {sec  Fig.  42,)  niilii[;leor  tontinuous 
cord  passca  round  tlie  wheels ;  therefore  eviTv  portion 
of  the  ciad  must  have  the  simie  uinrion ;  but  W  bangs 
by  hix  cokIm  ;  thercron"  eoiJi  eiitd  will  tarry  one  sixth 
of  the  Wright  \V,  and,  tonswiucntly,  the  power  P 
must  b1>»  be  one  idxtli  of  W  ;  that  is,  W  =  6  F 

By  means  of  a  fixed  pilley  (sec  Fig.  4^)  a 
may  nit*^  haorvlf  to  nny  hei);hl,  or  let  liimHlf  down 
to  any  depth.    Fire  CSL-Hpes  have  been  eonttiuett'd  □ 
this  prind|ile. 


43.  Pulleys  are  frequently  employed  for  changing 


Fiff.  42. 
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notioa.  Fig.  44  aboivs  the  maimer  of  convciting  a 
bmizontal  motion  into  a  vertical  motion.  C  and  B  are  two  fixed  pul- 
Itjt,  tuTing  a  uontinuou*  cOTd  H  C  B  A  piadng  over  them ;  A  is  the 
weight  to  be  niiscd  by  mcani  of  a  power  applied  lo  the  hoiiioiitol  rope 
C  H.     In  this  case  there  is  no  mechanioJ  advantage  gained. 

This  ttgure  (46j  represenU  aB;Btcin  of  pulleyii  called 
tlie  ^oiujA  bartun.  A  and  C  arc  two  movable  pul- 
k^i,  and  B  is  a  fixed  pulley ;  P  A  C  G  U  U  a  contin- 
uoui  end  pBHBng  over  the  two  movable  pullejit,  baving 
the  power  P  at  one  extremity,  aiid  the  other  exttum- 
ity  llxed  to  a  book  H  ;  A  B  D  E  is  another  continuoua 
cold  pawing  over  the  fixed  puUey  B  D,  and  conuetting 
tlw  hlocka  of  the  two  murablG  pulleys  A  and  £.  Let 
P  =  1  lb.,  thai  the  cotd  P  A  C  G  II,  being  a  single 
cord,  the  pottiona  P  A,  A  C,  and  G  H  will  each  have 
A  teaada  (tf  1  U). ;  but  tbe  eord  A  R  ha»  a  tension  of  2 
Ib».,tirUMiMaiiu  tbetcnaionaof  A  P  imd  AC.  Now, 
A  B  D  E  being  a  single  cord,  the  (i*d  E  D  has  the  * 
■ome  teinian  as  the  ccnd  A  B :  that  is  E  D 
tain  a  tenson  of  :i  Ibi. ;  but  the  eurda  G  H  and  A  C 
have  each  a  tcnrion  of  1  lb.  i  therefore  W  muet  be  4 
n«.,  in  order  to  produce  the  tcnsiona  of  G  U,  E  D,  and 
L'  A.     Hence,  if  P  be  1  lU,  ^V  must  be  4  lbs. 


Ay 
V 

0 

Fig.  45. 


7X«  Inclined  Plane. 

44.  When  a  hone  draws  a  load  up  a  hill,  the  roail  fnrmti  nn  inclined 
plane,  and  the  mmt'  geiille  the  slope  the  more  Knily  does  the  hiii>e  draw 
the  load.  The  vcctica]  space  thrnusl>  which  the  wiHi^ht  or  load  ii  raiiicd 
h  the  Tettical  clevniinn  of  tbe  hiU ;  but  the  actual  ^pat'F  ovit  winch  the 
bme  dnw*  the  loiul  i»  the  inclined  side  of  tlie  hill;  tlicretiin-  the  advan- 
tage gained  by  the  inclined  pliinc  will  bn  the  nuinUi  uf  times  that  the 
length  of  the  |danc  is  grenter  tlmn  it«  vertical  bci[;ht :  thus,  if  ihu  length 
of  the  inclined  plane  lie  dmible  its 
hcicl>^  liu^  the  advunlogc  gained 
will  be  2;  that  is  to  say.  a  weight 
of  2  cnl.  would  only  rojuire  a 
pnwer  of  1  cul.  10  draw  it  up  the 
plane,  (niiqiofing  thnt  there  were 
n<»  frii-tiim. ) 

Int'lincil    planes  are    constantly 
used  tnr  rolling  casks  into  carta. 
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cal  power,  is  also  frequently  used  in  connection  with  finctional  rollen- 
In  this  way  workmen  are  enabled  to  raise  heavy  stones  into  a  cart,  as 
shown  in  Fig.  46.  As  the  rollers  are  disengaged  at  the  lower  end  of  the 
stone  they  ore  put  in  at  the  upper  end ;  so  that  three  or  more  roUcra  are 
kept  continually  beneath  the  stone  ab  it  is  being  rolled  forward. 

Let  A  C  (Fig.  47)  represent  an  incline,  A  B 
its  horizontal  base,  B  C  its  vertical  height,  and 
B  A  C  its  angle  of  elevation.  Let  W  be  the 
weight  placed  upon  the  plane,  and  P  the  power 
of  drawing  up  this  weight,  by  means  of  the  cord 
P  B  W  passing  over  the  pulley  B  D,  the  card 
D  W,  in  this  case,  being  parallel  to  the  plane. 

To  find  the  ratio  of  the  vertical  velocities  of 
P  and  W.  Here,  while  W  moves  from  A  to  C, 
it  will  have  been  raised  the  vertical  height,  B  C, 
of  the  plane,  and  the  cord  D  W  being  shortened 
a  space  equal  to  A  C,  P  will  have  descended  a 
space  equal  to  A  C,  the  length  of  the  plane; 
hence  the  velocities  of  P  and  W,  estimated  in  a  Vertical  direction,  will 
be  to  each  other  as  the  length  of  the  plane  to  its  height ;  therefore  the 
advantage  gained  will  be  equal  to  the  length  ix(  the  plane  divided  by  its 

W     AC 

height;  that  is,   p=  jwj-    I^.  for  example,  AC  =  7  feet,  and  B  C= 

2  feet,  then  the  advantage  gained  will  be  7  -i-  2  =  3i  ;  that  is  to  say,  a 
power  P  of  1  cwt.  \vill  sustain  a  weight  W  of  3i  cwL 


Fig.  47. 


The   Wedge. 

46.  This  mechanical  power  is  merely  a  movahh  incUned  plane.  It  is 
chiefly  used  in  splitting  timber,  and  in  splitting  rocks  in  quarries.  All 
sharp-pdgcd  tools  such  as  knives,  axes,  &c.,  act  upon  the  principle  of 
the  wedge,  llie  power  of  the  wedge  depends  upon  the  sharpness  of 
its  edge. 

Let  ABC  represent  a  movable  in(;lined 
plane,  or  wedge,  sliding  along  the  surface  H  R 
by  the  force  of  a  pressure  P  applied  to  the 
back  B  C  of  the  wedge  in  a  direction  parallel 
to  H  R ;  and  let  W  be  a  heavy  rod  resting 
upon  the  inclined  side  A  C',  and  coiiftrained 
to  move  in  a  vcrticjd  direction.  HcTe  the 
wcijjht  W  acfc*  vertically,  and  the  power  P 
horizontally.  As  the  wedge  is  being  piuthcd  forward,  the  rod  D  W  will 
be  raised ;  so  that,  while  the  wedge  has  passed  over  a  space  equal  to  ita 


Fiff.  48. 


THE  aCRKW, 


45 


Ifstfth  B  A,  the  fin]  will  ha»c  been  nuM]  tlirougii  u  flpacc  apml  to  the 
iiu-kKD"  B  C  of  (ba  wnl|j(>;  tlmt  u,  while  llio  immure  P  has  paeecd 
.  :t  •  tpaiM  rqtuil  to  A  B,  Uw  wdght  W  liaa  pusvd  mur  a  space  equal 
■I  C;  bciii.v  Uif  ulrmiij^  g^cil  will  be  oquul  to  tlic  cuiutxr  of 
--'i^'s  ilwt  the  lhi(Juu9i  of  the  wedge  U  contoini'd  in  its  luugth ;  thu*. 
a  the  kn^  A  B  be  D  inchca.  vad  the  thiduun  B  C  1^  inohen,  tha 
■dirantagE  eaiucd  will  tw  9-i-lt  =  Si  that  is  to  *nj,  b  priEsurv  of  1  lb. 


ttaiff  ttalhcr,  wluTe  C  S  is  the  length.  t>  C  The  pdRi;  imd  G  B  or  AF  tbo 
-  -kaaB.  In  Kg.  50,  the  rcsi^innce  acting  nt  F  urisra  from  the  adhe- 
■n  rf  tknmtaul  thnt  is  bring  B|ilit;  and  tlie  power  applied  at  AB  i« 
-  impi.-tu>  cirai  by  the  ttrake  of  a  hcavj  maUrt.  The  great  pawec  of 
--■  vnlKv,  ubhI  in  ttus  maimer,  deptnd*  almost  aitirdy  upon  (Ac  mirk, 
.  TTjmiiUtud  in  the  BuHct.  being  at  ouce  dcUvocd  upon  thu  huid  uf  the 

rhe  vuJx*  is  frequently  Employtd  in  nufiing 
.■■  -al  tro^u  fi»  ft  ihtot  distnace ;  in  such  cases 

!•  ■tdj^  nr  made  to  act  togMhizr,  us  in  the 
j:iic(cd  Q^urc;  irfmc  AD  rfcnnd  d4o  r  rep- 
n*Bt  twu  Bmilnt  wrdsw  cmplojnj  for  rm.4ng  • 
ibe  mMt  W,  bj-  omultMoouj  rtnJtcs  eiven  to  A  n 

Ihelusib  A  c  and  if  A.     It  is  nident  Uiat  tho  /Vy.  fit. 

Kof  ■  i  nil  aJwBp  be  pvuUcl  to  A  B. 
The  Scrvw. 
In  thte  timplr  mnrhinc  the  pnwcr  maris  in  n  i-ircle  whoan  radJM 
teglb  of  tliL'  ICTiT,  or  ana  of  the  <trew,  whilot  the  wdgbt  <it 
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3TPd  is  a  light  Uite  haTtng  tlic  diiertioii  of  the  k 
till!  t-yUiidix  oil  which  the  thnada  of  the  tcrew  ire  bnn«L  A  «CRW 
may  br  tvvutli'd  us  a  movable  mclined  phme  funned  upon  (he  stufwe  el 
the  tylinikr  i  lot  if  wt  supjiose  ouc  reroluiion  of  the  ihrwid  to  t 
wrapped,  it  will  fomi  aa  inclined  plane,  m  wbicb  the  dreumlcrcDiw  of 
the  cjrlindPT  will  he  the  length  of  the  jUaae,  nud  the  diifUuiGo  botwoai 
the  thread*  the  height  of  the  plane. 

Let  c  ■  u  Ri  B  (Fig.  62)  be  a  apiral  groore  cut  upoa  a  cylinder  kA 


fy.  52. 


mnjuwT  juBt  deecrihed  [  C  D  the  axis  upon  which  the  cylindci  tun 
A  B  a  lod  parallel  to  the  axis  C  D,  and  having  ■  pa  or  looth,  c,  titt 
tbe  groovt'  of  the  Bcrcw.    Now,  when  the  handle  C  F  is  turned  in  ' 
dirediun  of  the  airow,  the  pin  e,  with  its  rod  A  B,  is  movt-d  towaid* 
right ;  aa  that  in  one  revolutian  the  pin  will  have  moved  finm  c  Ui  a, 
distance  between  llie  (hrcads  of  the  4ctcw  ;  and  in  the  second  revolnt 
it  will  have  movfd  from  a  tn  t,  and  so  on.    The  rod  A  B  wHl  thot 
moved  in  a  rectilinfrar  path,  pamllel  to  iLt  axis  C  D. 
of  the  handle,  therefore,  the  power  P  will  lisvo  pasaud  over  a  apoo 
to  the  circiunfcrente  of  the  eirtle  dcscribul  by  the  haudlr,  and  the 
c»  ladatance  W  will  have  moved  over  a  space  equal  to  the  diMiiiice  i 
tweeo  the  threads  of  the  screw.    Heoce  the  odToniage  gidned  will '. 
equal  to  the  circumference  of  ih^  cirde  described  by  the  power  P  diviil 
by  the  distance  between  the  Ihroads  of  the  screw.     Thus,  if  the  diCIK 
(cnmce  dtncribcd  by  the  handle  P  C  be  2(1  inches,  and  the  diatanca  * 
IxUvcen  the  threads  of  the  ektecw  j  inch,  then  the  advantage  of  pMSBU 
^B|d  will  be  20-1-1  =  40  ;  that  is  to  Ksy,  if  a  pressitre  of  50  Ifaa.' 
^Ked  at  P,  it  uill  produce  a  prrfsurc  of  40  times  fiO  lb.,  or  2000  Ih 
in  the  direction  .\  B. 

In  the  place  of  a  single  tooth,  e,  and  the  rod,  A  B,  it  is  eustomBT7 
have  a  series  of  teeth,  in  the  form  of  a  rcTerse  or  hollow  scrrw,  exMl 
fitting  the  Bjwral  groove  formed  on  the  cylinder  or  solid  screw  C  D  ;  4 
Rveise  screw  thus  formed  is  called  the  niit.  In  roost  appUeatioiu  of  tj 
MTOW.the  nui  ravolres,  while  the  solid  screw  moves  i 
diiectioa. 


WBEtL   WORK. 


Tie  Common  Prest. 

vs.  The  Ktew  i*  nsed  in  cases  where  a  fficat  pTwnire  la 
ttrco^  a  RnoU  spac«.    The  comniun  prcia  is 
mAiratknu  of  ttiit  m<.i'hanu.-al  power. 

Fig.  -53  rcpresentH  u  book.bmder'a  pren. 
vUie  S  S  U  the  hulid  mtgw  working  in 
At  hnilnw  mtpw  <ir  nut  n,  rreting  on  the 
tod  bianl  c ;  B  the  prcwi  Inord,  lixcd 
b  die  tiiii  1)1'  tliu  Krcw,  and  wlntitH  of 
W.f  muTid  Tntieulljr  between  the  «idca 
dtlie  truuc.  'llic  ailid  tvtcii  H  S  is 
I  icajjilili'  <if  revolving,  bnt  nitjvc  longi- 
riiiiiiallT.  at  in  thu  dinxliun  of  ibi  laigth ; 
vluRu  the  nut  »  iwoIvpis  but  does 
M  luvTc  liin^tiidiiiiiUr,  iir  in  the  ^rec- 
ta of  the  limgth  of  the  ktw.  The 
BU  it  turnud  by  meonf  of  the  Icrcr  P, 
riifi  !•  iiuertcd  in  tlic  holm  fanned  on 
lit  rd^  of  the  nut.  Tliu  mutefiul  to 
fe  tompnsiscd  is  plamtl  hrtweeii  the 
pea  bnird  U  and  the  lixvd  bcnni  I>. 

la  one  turn  of  the  lever  1',  thu  mtcw 
S  S,  with  its  pnw  Irianl  II,  i"  niin-(-d 
ipnrd  >  Kpoec  I'luol  !»  t)ic  distiinei'  betwi 
HeBce  we  hare  the 


n  the  threnda  of  the  k 


S])0i-e  ilisrrihrd  hy  I' 
AdvB.t»?<-  e"Ui«'l  =  ar.i;m<t""Ul««^lheii^dr 
TitB,  if  P  Bwecp  n  rin-le  of  :"0  feet,  or  HI)  inches,  und  the  ilistance 
htwmn  the  thrtwla  of  the  BCTpw  bo   i   of  an  inch,  then  the  odviuit.iKO 
rf  praeure  gsinr-d  will  Ijc  :i  10  -7  J  ^  ;W(1 ;  that  )(,  if  a  niiin  exert  n 
poniTC  of  56  Ibj.  upon  the  extreniily  of  the  Iitit,  then  tlw  upward 


320  tiintn  <i 


llh,  1. 


M.  Mntioa  may  he  emninunicateil  ftmn  one  n 
WKtaf  of  eriTd«  or  vtrapi^  ■»  in  rive  nhoii-n  in  Fi:;.  '^ 
ttahtd  whreK  on  shnsm  in  ¥i-^.  'Mi.  If  the  tivt) 
Ikt  WutlKd  wheel  A,  (  fis-  54, 1  thi-n  11  i»  nilletl  M 


to   (inolher  li 
T  l>y  nicuns  .. 


omaiJ  toothed  whet:! 


a  w-heia  11  drive 
di-ic-r,  and  A  l/.c 

fliii);  in  this  miuiniT  are  h1«i  eallni  tjmr  wAnft. 

are  called  ]iiniaiii ;  thu»  U  niuy  be  tailed  a  iiimou 
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in  relation  to  A.    Two  toothed  wheels  are  said  to  be  m  geeur  when  their 
teeth  arc  engaged  together,  and  out  of  gear  when  they  are  separated. 

If  B  contain  15  teeth,  and  A  90,  then  B  miist  turn  round  six  timeB 
in  order  that  A  may  turn  round  once.  Or,  generally,  if  A  make  one 
revolution,  the  number  that  B  will  make  is 
fi)imd  by  dividing  the  number  of  teeth  in  A 
by  the  number  in  B.  Or,  since  the  number 
of  teeth  in  the  wheels  is  proportional  to  their 
radii,  the  number  of  revolutions  of  B  will  also 
be  foimd  by  dividing  the  radius  of  A  by  the 
radius  of  B ;  thus,  let  the  radius  of^  A  be  15 
in.,  and  that  of  B  3  in.,  then  B  will  make 
five  revolutions  while  A  makes  one. 

In  the  (rain  of  wheels  represented  in  Fig.  65, 
tlic  motion  of  the  axis  Ni  S  is  transmitted  to 
three  distinct  parallel  axes.     N,  is  the  first  ^^"  **" 

driving  wheel,  «i  its  follower ;  N,  is  the  second  driving  wheel,  f«t  its  fol- 
lower ;  and  so  on.    Let  the  number  of  teeth  in  Nj  =  36,  in  ih  =  9» 


Fit/,  55. 

in  Nj  =  32,  in  n,  =  8,  in  N,  =  36,  and  in  w,  =  7 ;  then,  while  the  axis 
of  Xi  makes  one  revolution,  the  axis  of  n,  "will  make  80.  In  order  to 
prove  thw,  supiwse  tlic  driver  Xi  to  make  one  revolution,  then,  while  Ni 
makw  one  revolution,  tlie  number  of  revolutions  which  iti  will  make 
r=  36  -r  9  =  '^*  Xow,  as  Xj  ro'olves  on  the  same  axis  as  M],  the  dziTor 
Nj  will  make  four  rc>'olutions  while  N  makes  one.  In  like  manner,  Ng 
will  make  four  rc\'olutions  while  Na  makes  one ;  but  N,  makes  four 
revulutions  while  Xj  makes  one ;  therefore  N^  must  make  four  timei 
four  revolutions,  or  nixtecn  revolutions.  In  like  manner,  n^  "will  make 
five  re\'oliitions  while  X^  makes  one ;  but  Ns  makes  sixteen  rcvolutkioi 
while  X*]  makes  one ;  therefore  n^  will  make  sixteen  times  five  revoln* 
tioiis,  or  eighty  revolutions  while  Ni  makes  one. 

AMien  motion  is  to  be  transferred  from  one  axis  to  another  axis  it 
ri^ht  angles  to  it,  we  must  use  crown  whcds,  bevelled  wheeb,  or 
wheels. 


WHBEL   WOBK. 
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Crown    Wheels. 

49.  This  figure  56  repreecnts  a  crown 
wheel  H,  with  its  jHnion  A,  having  their 
axa  at  right  angles  to  each  other.  The 
teeth  in  the  crown  wheel  are  cut  on  the 
edge  of  a  hoop,  and  the  pinion  is  made 
thicker  than  usuaL  This  kind  of  wheel 
m  vted  in  clock  and  watch  work. 


Fctce   Wheel  and  Lantern. 


Fig,  66. 


50.  In  Fig.  67,  F  represents  a/ace  wheel,  with  its  lantern  L.  Motion 
is  hen?  transfciTed  from  a  vertical  axis  to  a  horizsntal  one.  The  teeth 
inscxted  into  the  face  of  the  wheel  F  are  called  cogs,  which  ore  now 
usually  made  of  iron,  while  the  roimd  staves  forming  the  teeth  of  the 
lantern  are  made  of  hard  wood ;  for  it  has  been  ascertained  that  iron 


T_ujuu!cnr 
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Fig.  67. 

cogs  work  with  1cm  noue  and  friction  upon  wooden  staves,  than  when 
the  cogs  and  staves  arc  made  of  the  same  material.  The  face  wheel 
and  lantern  have  been  much  used  in  mill  work. 

Bevel    Wheels,  or  Bevel  Gear. 

61.  Let  E  B  and  F  B  (Fig.  58)  be 
two  axes  of  rotation,  cutting  each  other  in 
B.  Two  right  cones  ABC  and  B  D  C, 
touching  each  other  in  the  line  B  G  C,  arc 
fermod  upon  the«»  axes.  If  the  cone  B  D  C  ■ 
levnlve  on  its  axis  E  B,  it  will  communi- 
cate, by  rolling  contact,  a  rotatory  motion 
to  the  oooc  ABC,  upon  its  axis  F  B. 

5 


Fig.  58, 
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In  practice,  frustra  of  the  cones  are  employed,  as  A  C  6  J,  and 
CDUG. 

These  cones,  or  frustra  of  cones,  will  obviously  perform  their  revolu- 
tions in  the  same  manner  as  the  spur  wheck  in  Fig.  54. 

On  these  smooth  surfEu^es  of  the  frustra  a  series  of  equidistant  teeth 
may  be  cut,  directed  to  the  apex  B  of  the  cone,  so  that  a  line  passing 
from  the  apex  B  to  th6  outline  of  the  teeth  ujmn  the  bases  of  the  cones 


.K 


Fig.  69. 

shall  touch  the  teeth  in  every  jiart;  as  shown  in  the  aiuicxed  cnt, 
(Fig.  59,)  where  B  is  the  apex  of  the  cones  B  A  C  and  B  I)  C,  F  and  E 
the  two  axes  of  the  bevel  tcheels  A  C  and  D  C,  intersecting  in  tlie 
apex  B. 

Wheels  cut  in  tliis  manner  are  called  bevel  gear.  Two  bevel  wheels 
of  this  kind  'will  always  commimicute  motion  from  one  axis  to  another, 
provided  these  axes  intersect  each  other;  this  point  of  intersection  is 
always  made  the  apex  of  the  frustra  forming  the  bevd  wheels. 


Rack  and  Pinion. 

62.  When  a  circular  motion  is  to  be  changed  into  a  rectilinear  one, 
the  teeth  arc  cut  upon  the  edge  of  a  straight 
bar,  A  B,  (Fig.  60,)  so  that  they  may  work 
with  the  teeth  upon  the  wheel  or  pinion  P. 
The  toothed  bar  A  B  is  called  a  rack,  and  is 
constrained  to  movo  in  its  rectilinear  path  by 
guides  or  rollers.  ~~         Fig.  60 


LfLfUU, 
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Fig.  61. 


63.  The  way  in  which  a  continuous  motion  is  given  to  a  wheel  by 
kaesns  of  a  treadle  board  is  shown  in  Fig.  61.  e  d'y&n.  treadle  board, 
or  a  board  that  is  moved  by  the  pressure  of  the  foot ;  the  cord  c  a  e 
{■MCb  over  the  pulley  a,  and  is  attached  to 

the  crank  m  e  of  the  wheel  m.  While  the 
extremity  e  of  the  treadle  describes  a  redp- 
focating  circular  motJon,  the  wheel  m  re- 
Tolvea  continuously. 

64.  Fig.  62  shows  the  way  in  which  a 
Svge  hammer  is  moved  by  the  continuous 
circular  motion  of  a  drum  wheel  or  cyHndcr. 
The  cylinder  a  (see  Fig.  62)  has  five  pecu- 
liar shaped  teeth  upon  it,  called  wipers  or 
tafpet9,  which  Strike  the  extremity  of  the 

handle  of  the  hammer  at  successive  intervals.  The  hammer  b  turns 
upon  a  lever  b  e,  whose  axis  is  C ;  the  extremity  e  of  the  lever  is  de- 
pressed by  the  wipers,  and  thus  the  hammer 
is  raised ;  but  the  moment  the  wiper  disen- 
gages itnelf  from  the  lever,  the  hammer  falls 
by  its  weight,  and  strikes  the  heated  iron 
l^accd  upon  the  anvil  A.  In  this  case,  the 
hammer  would  make  five  lifts  and  five 
■tnikcs  for  every  revolution  of  the  wheel. 

In  this  mechanism,  a  continuous  circular 
motion  is  converted  into  an  intermittent  rc- 
dprocating,  or  up  and  down  motion. 

65.  Fig.  63  shows  the  way  in  which  a  continuous  circular  motion 
may  be  converted  into  a  continuous  recii)rocating,  or  back  and  forward 


Fig.  02. 


Fig.  63. 


■V-: — r^— < — : 


motion,  e  is  a  wheel  partially  furnished  with  teeth,  acting  on  two 
racks,  e  and  n,  placed  on  difierent  sides  of  it ;  the  teeth  in  those  racks 
are  altematdy  engaged  by  the  teeth  of  the  wheel,  so  that  the  continuous 
circular  motion  of  the  wheel  c  gives  a  regidar  back  and  forward  motion 
to  the  rod  A  B,  placed  between  frictional  rollers. 


I    EXrEBIUENTAL  FHILOSOPHT. 


(  Mechanics. 

1.  A  bod^  mnvis  tluraigh  ■  space  of  540  tecl ;  its  vdocity  ii  0  fed 
per  tecmid :  whni  will  be  ihe  tiine  of  lu  motion  ?      Am,  l^  miiiuIcB. 

2.  A  earner  pigeon,  flying  with  s  unltbnn  !<pc«d  of  15  feet  pa  sea 
ond,  woi  24  boun  in  paaaiiig  from  n  ship  at  eca  to  the  land  ;  rvqturct 
the  distance  in  milee.  Am.  tUS^  miloa. 

3.  A  bell  of  7  lbs.  ia  moring  with  a  vdot^  of  9  feet  ps  wcondi 
and  a  ball  of  3  lbs.  moves  with  a  velocity  of  14  feet  per  second:  wlu 
are  their  comparative  momenta  ^  Ant.  3  to  1. 

4.  A  foiling  body  required  7  teconda  Co  reach  ihe  ground;  throu|;l 
what  apace  did  it  foll^  Am.  788^  Icet. 

6.   One  arm  of  u  lever  is  44  foot  long,  and  the  other  a  5  tat'  v  hi 

powet  applied  to  the  lunger  aim  will  buLuicedOO  Ibe.  at  the  shurtiVBcai 

Aiu.dBUx.,  IS^o*. 

5.  At  what  distance  &am  the  fidcrum  of  d  lover  of  the  lewad  Itf 
that  ia  20  bel  long,  must  n  weight  of  1 13  lbs.  be  ploecd,  eo  that  it  n 
besDiUined  by  a  power  of  50  Um.  ?  Ans,  6  fbot.  Ilf  indies 

T,  A  wheel  of  10  Icct  diameter,  with  a  power  of  6  Iha.,  balsDce 
wdght  of  1<S0  Iba. ;  what  ia  the  ladiua  of  the  axle  I        Ant.  2  inuhc* 
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DIFFERENT  PIECE3   OF 


CONNECTED   WTTD  TIT 


1.  TSBBB  arc  H  variety  of  inccrtsting  pieeoi  of  mechanisii  coimectc 
with  llie  Redm  en^oe,  which  miail  a  minute  description. 

TSifl  Crani  and  f7i/  Wheel. 
3,  The  crank  ond  wnnreting  rod  are  used  te  converting  the  recii 
nKBting  tODtion  of  tlie  extremity  of  the  great  beam  of  the  aema  cngja 
into  ■  eontuittoua  circular  uiution,  Whai  wo  turn  a  ghndstaw^  m 
empldy  the  pccnliar  motina  of  the  enok  and  wimwting  rod,  wba 
tin  honiUo  nf  tho  griadstooc  scrvw  the  piU]H8c  uf  the  crank,  and  A 
ann  thitt  of  ihc  connceting  rod.  The  eronk.  with  its  rannc«Iing  n 
and  lly  whwl,  ia  rcprmented  in  Pig.  0*.  C  i«  m  aiin,  to  which  th 
fly  whiwl  F,  or  any  lAher  whfel  work,  may  Iw  Bttaehrd  i  CI)  is  ■  UAi 
or  wm.  cnlied  thi-  imnli,  Hx(«l  tn  th?  nxis  C,  nnd  having  a  jinnt  at  D,  t 
vUih  the  mnntrttrtsi  md  I>  .V  is  oltuthtd.  Now,  if  on  up  and  ibw: 
ttvtkm  ho  pvcn  to  D  A,  the  cxirnnity  D  if  llio  I'lmik  «ill  move  tn 
cltele.  Olid  Ihu*  a  nanitniuniB  ru(gf^|^  Ur  giTai   U>  th«  axis   I 


THK  flTXAH 


urira  at  the  praition  C  n,  -where  it  is  tn  tbe  same  line 
rod,  it  is  Baid  to  be  in  one  of  its  dead  points,  Ibr 


Fig.  a. 


then  the  pKWiue  upon  the  oonnecting  rod  has  no  effect  in  turning  the 
crank ;  but  in  geoeial,  the  inertia  of  the  machinery  and  Ay  wheel  P 
oimeH  the  nanJi  hcTond  the  dead  points.  It  will  be  eecn  that  the 
crank  has  to  pass  over  two  dead  priintfl  in  the  isuibc  of  one  revolution. 
In  otAx  to  avoid  this  itregiUarity  in  the  action  of  the  connecting  itKl, 
two  cranks  are  romctimca  [ilsccd  on  the  same  axis,  at  ri^ht  angles  to 
each  other.  The  connet-ting  md  in  a  steam  engine  is  usually  attached 
to  tbe  eztremitj  B  of  the  gniat  beam. 

The  fty  wbed  is  not  onlj'  a  regulator  of  motion,  but  it  is  also  an  ac- 
enmulBbx'  at  motiim.  It  simply  consists  of  a  lar)^,  heavy  wheel,  tn 
which  motion  is  uEoally  pven  by  a  cnuik;  thus,  in  Fig.  61,  F  is  the 
JijI  leAeel,  levolTing  upon  the  axis  C 

The  fly  whed  may  he  tcgBrdcd  ns  a  rcservnir  of  motion,  in  which  the 
trdundant  motion  of  thv  marhintry  is  accumulated  when  the  work  (o  do 
perfimncd  is  lew  than  the  work  njiplioil  by  the  moving  power,  and  frrim 
which  the  ninehinCTy  derivei  motion  when  the  work  to  bo  performed  in 
gluler  than  the  work  applied ;  «o  that,  however  vnriuble  the  work  to  Iw 
perfcrtned  may  be,  the  motion  of  the  machinery  is  always  maintained 
pntty  nevly  nnilbrm. 
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7^   Sun-and-plartet    Wheel. 

S.  This  lieautiful  contrivance  was  employed  by  Watt  ai 
for  tli«  trank.  It  conhists  of  two  toothed  whedH,  one  of  which  icvoItcs 
round  thu  t^ircumfeicnce  of  the  other,  somewhat  eimilar  to  the  "igriTm- 
in  which  u  planet  and  its  wtellitc  r^volre  round  the  sun ;  hence  the  naioa 
given  to  thin  meduuiical  comtination. 

The  toothed  wheel  B  (Fig.  6S)  ia  fixed  to  the  extremity  of  the  coo- 
nccting  rod  C  !>,  to  as  not  to  be  allowed  to  turn  on  its  c«atie ;  A  ii 
another  toothed  wheel,  fixed  to  the  axis  «  of  the  fly  wheel  D ;  a  link 
connects  the  centres  of  the  two  wheels  A  and  B,  and  scttcb  to  keep  then 
in  {,'ear.  Now,  when  the  great  beam  has  made  on  up  and  down  stroke^ 
the  link  e  o,  connct-tinR  the  centres  of  the  two  toothed  wheels,  will  have 
performed  a  complete  n>votution  round  the  centre  e,  exactly  as  a  common 
crank  would  do :  but  as  the  two  wheels  A  and  B  arc  fixed  to  their  re- 
spective cCTitrcB,  every  portion  in  the  cirouinference  of  B  will  have  been 
brought  ill  contact  witii  the  wheel  A,  which  thus  reed' 


F^.es. 


drcular  motion.  Assuming  the  whceb  A  and  B  to  be  equal,  that.  «hik 
the  connecting  nd  mokes  an  up  and  down  xtrokc,  or,  what  is  the  nma 
tliiu);,  whUc  the  wheel  B  inaXcs  one  revolution  round  the  centre  t,  the 
wheel  A,  with  the  fly  whoel  D,  will  have  pcrlbrraed  two  revolutioni ;  Ibi 
in  this  case  every  tootli  in  A  will  hnve  come  twice  into  contact  with  the 
teeth  on  B. 

ir<in'ii  Paralkl  Motion. 

i.  This  beautiful  merhanical  contrivanee  is  used  to  mnvst  the  recip- 

Toeating  circular  motion  of  the  extremity  of  the  groat  beam  <d  an  engine 
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into  the  reciprocating  rectilinear  motion  of  the  piston  rod.  It  consists  of 
a  frame  of  link  work  somewhat  in  the  form  of  a  parallel  ruler. 

The  leading  feature  of  the  contrivanee  is  represented  in  Fig.  66. 

Let  A  B  and  C  D  be  two  equal  rods,  connected  by  the  link  D  B, 
nMmng  on  their  respectiye  fixed  centres  of  motion  A  and  C.    Let  £  be 


the  middle  point  of  the  connecting  link  D  B.  Now,  let  the  rods  be 
moved  to  another  position,  and  let  C  d  e  6  A  be  that  new  position  of  the 
rods ;  then  the  middle  point  £  or  e  of  the  link  will  have  nearly  moved 
in  a  vertical  right  Hne.  For  while,  by  this  motion,  the  extremity  B  of 
the  link  is  carried  to  the  left,  the  extremity  D  is  carried  to  the  right, 
and  vice  verm ;  so  that  the  middle  point  £  of  the  link  thus  nearly  moves 
in  a  vertical  line. 

Let  A  K  (Fig.  67)  represent  one  half  of  the  great  beam,  tummg  on 
the  centre  A ;  K  B  D  K  link  work  in  the  form  of  a  parallelogram,  hav- 
ing B  K  equal  to  A  B  ;  C  D  a  rod,  called  the  radius  rad,  turning  on  the 
fixed  centre  C.  Now,  thfe  rods  A  B  D  C  will  move  in  precisely  the  same 
manner  as  in  the  preceding  figure,  and 
therefore  the  point  £,  in  the  middle 
of  the  link  D  B,  will  very  nearly  de- 
icribe  a  vertical  line.  But  since  the 
triangles  ARK  and  A  £  6  are  sim- 
ilar, and  as  A  K  is  the  double  of  A  B, 
the  Ime  A  R  will  be  the  double  of 
A  E :  that  is,  the  point  R  ^-ill  always 
be  at  doaUe  the  distance  from  A  that 


f^.  67. 
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the  point  E  is ;  and  therefore  the  path  describod  by  R  will  be  the  aame 
as  the  path  described  by  £ ;  therefore,  if  the  point  £  moves  in  a  Tcrtical 
line,  the  point  K  will  also  move  in  a  vertical  line.  The  piston  xod  is 
attached  to  the  point  K,  and  the  piston  rod  of  the  air  pump  to  the  point 
E ;  so  that  both  of  these  rods  will  be  moved  in  a  vertical  Une. 

Tlie  Eccentric    Wheel 

5.  A  wheel  is  said  to  be  eccentric  when  it  turns  on  an  axis  which 
docs  not  lie  in  the  centre  of  the  wheel.  This  important  piece  of 
mechanism  is  usually  employed  to  give  motion  to  the  slide  valve  of 
the  steam  engine  where  the  axis  of  the  fly  wheel  is  always  the  centre 
of  motion  of  the  eccentric  whed.  Here  A  is  the  axis  of  the  eccen- 
tric wheel,  C  being  the  centre  of  the  circle ;  a  hoop  J  K  emfaraccB  the 
eccentric  wheel,  so  as  to  allow  the  wheel  to  revolve  freely  within  the 


Fig.  68. 


hoop  ;  a  frame  D  F  E  connects  this  hoop  ^-ith  the  extremity  F  of  the 
bent  lever  H  G  F  turning  on  the  fixed  centre  G.  Now,  when  the 
cocontrie  wheel  tunis  in  the  direction  of  the  arrow  of  the  figure,  the 
frame  E  D  F  Ls  pushed  to  tlie  right,  and  the  pin  F  describes  an  are  of  a 
circle  in  the  same  direction,  on  (j  as  a  centre  ;  when  the  lob  wde  of  the 
ect-ontric  has  pas^c(l  the  line  of  tlie  centres  of  motion  A  and  F,  the  frame 
-^ith  the  pin  F  is  then  drai^ii  to  the  left,  and  so  on ;  so  that  the  con- 
tinuous circular  motion  of  the  eccentric  wheel  produces  a  reciprocating 
cireulju"  motion  in  the  pin  F.  Tliis  motion  of  F  gives  a  reciprocating 
motion  to  the  rod  U  I,  to  which  is  attached  the  slide  valve  of  the  engine. 


T!ie   Governor, 

0.  This  is  one  of  the  most  imjiortant  regulators  of  machinery.  When 
the  sjMX^d  of  the  maehinerj-  is  too  great,  tliis  contrivance  checks  the  sup- 
ply of  tlip  moving  force ;  and,  on  the  contnirj-,  when  the  speed  is  too 
slow,  it  int  rcasos  tliat  supply.  ThL«  simple  and  Ixjautiful  piece  of  moch- 
aiiLsm  (see  Fig.  69)  consists  of  two  heavy  baUs  E  E,  attached  to  the 
extremities  of  the  rods  /«  £,  which  poss  through  a  slit  in  the  vertical 
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nia  D  O,  and  torn  on  the  caitre  e,  cpaung  and  cloemg  like  a  pair  of 
rikKn.  Hie  linka/A,  haTing  jrants  at  /and  A,  connect  the  two  tode  ft 
B  with  a  ling  A  A  D,  which  ilidcs  freely  upon  the  vertical  axiit  D  D,  to 
vrhieh  ■  rotary  motion  ii  given  bj  means  of  a  belt  paadng  round  the 


a 


Fig.  69. 

poOey  d.  The  leva  F  O  H,  tumini;  on  the  centre  O,  ui  conntcted  with 
the  ihding  pieee  or  ring  A  A  D  at  the  dtremity  F,  and  hai  n  link  II  h 
attadcd  to  the  extremity  H.  The  link  H  a  turns  the  axis  of  ibe  throttlo 
Talrc  Z.  which  opens  and  closts  the  port  of  the  aleani  pipe  A  A  o,  pro- 
Me<Eng  from  the  bdlcr  to  the  cylinder.  Now,  when  the  spindle  D  D 
rcTolTca  with  an  increaong  velocity,  the  ball?  E  E  Hyout  from  the  ccntte 
of  tnMica.  (t^  the  ccntriftiRal  Ibm?  thus  generated  ;)  the  sliding  |Bcce 
v  ring  A  A  D,  with  the  extremity  F  of  the  levct,  ii  drawn  downwards, 
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while  the  extremity  H  is  raised,  and  the  axis  of  ths  throttle  vttive  Z  is 
turned  round,  so  as  to  close  the  opening  of  the  steam  pipe,  therdiy  re- 
ducing the  supply  of  steam.  The  contrary  effect  is  produced  vrhen  the 
velocity  of  the  spindle  D  D  is  decreasing ;  that  is,  the  balls  fiill  towards 
the  axis  D  D,  and  the  throttle  valve  Z  is  turned,  so  as  to  incroase  the 
supply  of  steam.  Hence  it  appears  that  when  the  speed  of  the  engine 
passes  beyond  a  certain  limit,  the  throttle  valve  tends  to  check  the  supply 
of  the  steam,  or  moving  principle ;  while,  on  the  contrary,  when  the 
speed  of  the  engine  is  less  than  this  mean  limit,  the  throttle  valve  is 
opened,  so  as  to  allow  a  greater  quantity  of  steam  to  pass  through  the 
steam  pipe. 


THE   STEAM   BOILER   AND    ITS    APPENDAGES. 

7.  The  steam  boiler  is  made  of  thick  sheet  iron  or  copper  platee, 
riveted  strongly  together  to  resist  the  expansive  pressure  of  the  steam 
as  well  as  the  destructive  action  of  the  great  heat  which  is  applied  to 
them.    Steam  boilers  are  made  of  various  forms.    Fig.  70  represents  a 


Fiff,  70. 

longitudinal  as  well  as  a  cross  section  of  what  is  called  the  butterly 
boiler,  which  is  much  used  in  our  manufacturing  districts ;  A  represents 
tlic  ash  pit,  F  F  the  furnace,  B  the  boiler,  and  H  H  the  level  of  the 
water  in  the  boiler.  The  concave  form  given  to  the  bottom  of  the  boiler 
obviously  brings  a  larger  extent  of  surface  in  contact  with  the  flame  than 
would  take  place  if  the  bottom  were  flat. 
The  steam  boiler  has  various  appendages,  which  require  special  notice. 

T7ie  Safety  Valve. 

8.  The  safety  valve  is  used  to  secure  the  boiler  ftom  bursting  by  tlie 
exce»j>ive  prpSKure  of  the  steam.  Rg.  71  represents  the  lever  iafvty  ro/re, 
whore  A  B  is  the  lever  with  its  load  L, 
pressing  upon  the  head  of  the  valve  V, 
which  closes  the  opening  S  leading  into 
the  boiler.  By  sliding  the  load  L  along 
the  lever,  any  prcsBurc  may  be  put  upon  Fig.  71. 
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tfaE  Tahre  that  ma;  be  found  necaearj  to  wM-k  the  oi^e.  The  divis- 
ims  npon  the  lever  ouble  the  engmeer  to  detenoiae  the  ekstidty  of  the 
(Uamin  tbe  boila'. 


l%e  Steam    Gauge. 

0  indicate  the  degree  of  pressure  of 
the  (temi  wbich  ii  lUed  in  woiking  t^e  engiae.  Fig.  T2  reprceeiits  a 
tooimrial  itcam  gauge ;  A.  C  D  £  is  a  bent  tube,  open  at  both  exticm- 
itiea,  pMsng  from  the  TesMl  B  containing  the  steam;  Q  ia  a  grad- 
uated Kale  lor  indicating  the  height  of  the  mercury  in  the  leg  D  E. 
Whai  the  jaimuiu  of  the  steam  is  equal  to  that  of  the  external  air,  the 
momry  in  the  two  legs  C  D  and  D  E  stands  at  the  same  level.  II  li ; 
hot  whoi  the  preatuie  of  the  steam  ia  greater  than  the  cxtfmal  air,  the 
n  the  kg  C  D  and  elevated  in  the  leg  D  E.  The 
t!  of  the  steam  above  that  of  the  atmoephcrc  ia  found  by 
oteerring  the  difieiaice  of  the  lerels  of  the  mercury  in  the  1^  D  E  and 
D  C,  «id  liMn  allowing  half  a  pound  as  the  prceuie  of  the  steam  on 


«K^  square  inch  fijr  every  inch  in  the  difference  of  the  levels.  Thi-  hmt 
tube  is  &vqucatly  made  of  iron.  In  this  case  a  Bout  F,  with  a  fikI  aud 
pointer,  if  inserted  into  the  open  end  of  the  tube.  Ai>  the  Ho.tt  F  is  raised 
V  depressed  with  the  mercury,  the  pmntcr  ia  made  Co  indicate  the  ditfcr- 
sice  of  the  levels  tS  the  novury  in  the  two  legs  of  the  instrument. 


60 


NATURAL   AND   EXPERIMENTAL   PHILOSOPHIC 


The   Water  Gauge. 

10.  This  siinply  consists  of  a  bent  glass  tube  A  D  C  B, 
(Fig.  73,)  where  one  extremity  A  enters  the  boiler  above 
the  proper  levd  H  R  of  the  water,  and  the  other  extrem- 
ity B  enters  below  the  proper  level.  As  the  water  must 
stand  at  the  same  level  in  the  glass  tube  D  C  that  it  does 
in  the  boiler,  the  eye  of  the  engineer  will  at  once  see  what 
depth  of  water  is  in  the  boiler.  Another  kind  of  water 
gauge  is  explained  in  the  general  description  of  the  steam 
engine. 


Fig.  73. 


•  The   Water  Regulator. 

11.  In  the  steam  engine  it  is  especially  necessary  that  the  water  in 
the  boiler  should  be  constantly  kept  at  the  same  level,  so  that  as  the 
water  is  being  evaporated  in  the  boiler  fresh  water  should  at  the  same 
time  be  admitted  to  supply  the  waste  thus  created.  Fig.  74  represents  a 
]X)rtion  of  the  boiler  A,  with  A  B  a  pipe 

proceeding  from  the  cistern  B  to  supply  the 
boiler  with  water  as  it  may  be  required ;  F 
is  a  stone  float  suspended  by  the  rod  F  C 
passing  through  the  stuffing  box  S ;  this  rod 
is  attached  to  the  extremity  C  of  the  lever 
C  F  turning  upon  tlie  fulcrum  or  centre  D  . 
V  is  a  valve  opening  and  closing  the  top  of 
the  pipe  A  B,  and  attached  to  the  ]X)iiit  E 
of  the  lever  C  F ;  F  is  a  counterpoise  which 

aids  in  depressing  the  valve  V.    Now,  when f 

the  water  in  the  boiler  descends  below  its  =^ 

proper  level,  the  float  F  also  descends,  and 

by  depressing  the  extremity  C  of  the  lever  p^g,  74, 

elevates  the  valve  V,  and  thus  allows  the 

water  to  flow  into  the  boiler  as  required.    On  the  contrary,  as  the  water 

rises  in  the  lx)iler  the  float  F  also  rises,  and  by  elevating  the  extremity  C 

of  the  lever  depresses  the  valve  V,  and  thus  stops  the  flow  of  water  into 

the  boiler ;  thus  a  certain  mean  quantity  of  water  is  always  maintain^ 

in  the  boiler. 

77ie  Self-regulating  Damper. 

12.  The  rate  at  which  steam  is  generated  in  the  boiler  should  be  equal 
to  the  rate  at  which  it  is  consumed  in  the  cylinder ;  or,  what  is  the  same 
things  the  steam  in  the  boiler  should  be  maintained  at  a  constant  prea- 
sure.    In  order  to  eflect  this,  some  connection  must  be  formed  between 


1 


TOE  atKlU    KHfllNE. 

»  «S  the  Meom  in  iba  boiler  and  the  hcnl  of  [lie  fiimiUA  d  

t  ibe  one  dcpoadii  upou  the  hutl  of  Uit  ollipt.    ITub  hu 
*   d  by  th«  (bDowiiiii;  contriTuicc ;  Fig.  '5,  B  A  ia  n  tube 
^ytotiu)  botUini  of  the  bialci  A ;  F  ia  a  fluat  eaqjcndrf 
'  "         '  ig  oier  tlip  puUcj^ 
t  D  i*  a  dompci  Bi'ting  u  a 
»  Id  the  Soot,  bjiiI  lipmiiig  ur 
V  Uu!  cav  ma;  be,  the  imiiilh  of 
e  In  nod  Ihtn-by  increosiiig  in  de- 
I  Uni  Oraugbt  of  air  ihrniigb  Uie 
Nuw,  the  Icvd  P  of  (he  watLi  in 
IT  A  B  depcDib  upm  the  |im»i;rc  , 
1  in  the  boiler  A  ;  but  Uie  ttont 
bile  with  the  vratet  ia  ibc  lube 
4  ■■  tW  QuBt  ri«a  tbc  (hiiupcr  D    ' 
«.;  »>  lliut,  whiTi 
m  nf  the  MCBin  in  the  boilor  GX- 
»   U*  ^ipet  fimil,  the  wiittT  in  the  j?^.  75, 

)  A  B,   to^Dtbcr  with  the   float   F, 

d  Otoi  the  damper  D  dcs-end^  and  doant  the  nxiiilh  of  the 
J  reducing  the  intmH^of  tht  hoit  ctthefuniBCP,  luiii  (hixk- 
■fhvfoillier  genuratinii  of  Bleeni-     Do  the  coulTuryi  when  the  jme- 
g  uf  tlw  itcam  IhUh  bdo*  ite  pnippr  limit,  the  wbIct  in  the  tube,  with 
t,  the  ilunper  D  ia  raiMrd,  and  na  intniLH.-  of  dinu^lit 
k>  UiB  tiaaace,  vhich  pmduceH  a  more  rupiJ  gcntTutiun  uf  ^luiln, 
J  inth  an  inaease  to  its  prcnure. 


^i:^ 


pirrKRE.XT  FOBHS   OF  THE    STEAU    ENGINE. 

Jiiero  Engiiie. 

00  WBB  invmted  by 
I,  130  B.C.  Ii  DowGinm 
A  philoiiaphka]  toys,  "Vhu 
)inI^.7U:  AUn  hol- 
r,  tmniug  on  a  vet- 
I,-  a  h,  &•:,  are  fiiiir  hDri/uiilal 
B  tbrir  rxlcrinr  oriSce  hcnl  in  the 
ion  0!!  in  Bartcer't  milL  Wtun 
gib,  (tcBin  iHun  from  ihran  oH- 
■BK*  Uie  globe  to  tnutc  up«i  its 
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Fig.  77. 


2.  This  engine  was  used  foi  niBing  water  bum  deep  mines.  The 
principle  on  which  it  acts  may  be  explained  as  fbllowB :  Fig.  77,  C  ii  a 
lat^  cylindrical  vessel,  called  lAt  reaiBtr,  into  which  titeam  enters  by 
(ht  iteam  pipe  S>  communicating  with  a  stiong  boiler,  called  lAe  steam 
botltr,  when:  steam  at  a  high  pressm^  is  generat- 
ed i  the  steam  pipe  S  has  a  ccxk  a,  called  the  iltam 
cock,  which  opens  and  closes  the  c 
of  the  receiver  with  the  steam  boilei ;  lis  Ifu 
Jection  pipe,  which  conveys  a  jet  of  cold  » 
into  the  interior  of  the  receiver  for  the  purpose  of 
condendng  the  steam ;  this  pipe  has  olso  a  cock  i, 
called  lAe  iryeetion  cock  i  the^  two  cocks  a  and  b  ll 
are  turned  by  the  same  handle  A,  so  that  when  b  ' 
is  open  a  is  closed,  niid  sice  reran  ;  F  is  a  pipe  de- 
scending iiDu  the  water  which  is  to  be  raised ;  at 
tlic  top  of  this  pipe  is  the  valve  V,  lijting  up~ 
wards ;  E  B  is  a  pipe  procccthng  from  the  bottom 
of  the  receiver  to  the  cistern,  into  w4iich  the  water 
is  to  be  dischai^cd ;  in  this  pipe  is  placed  the  valve  v>  lifting  upwards. 

To  work  the  engine,  the  steam  cock  a  is  opened  and  b  is  shut ;  thai 
the  steam,  rushing  along  the  Btoam  pipe  S,  entos  the  receiver  C,  and 
drives  the  air  out  of  it  through  the  valve  c.  When  the  recinver  is  GUcd 
with  steam,  the  steam  cock  a  is  closed,  and  at  the  same  time  the  injec- 
tion cock  b  is  opraied ;  then  the  jet  of  cold  water  proceeding  fiom  the 
injection  pipe  uistaiitty  condenses  the  steam  in  the  receiver,  and  a  vacuum 
in  fiirmed.  The  prcHsuie  of  the  atmosphere  on  the  surface  of  the  wats 
in  tlic  well  or  pit  turces  the  water  up  the  }npe  F,  and  nearly  fills  the 
rccdTcr.  Tlie  cii^iiiecr  now  lays  hold  of  the  handle  A  and  opens  the 
t^eum  coek  n,  at  the  same  time  that  he  closes  the  injection  cock  b.  The 
steam  again  enters  the  receiver,  ajid  by  its  great  elastic  pnssure  exerted 
ujion  the  surface  of  the  water  forces  the  water  through  the  valve  d,  tqi 
the  ia]ic  E  D,  to  the  tup  of  the  pit  or  mine.  In  the  same  ""^nyiT  the 
engine  is  made  to  perform  any  numl«r  of  strokes. 

'llie  dcfu:ls  of  this  engine  arc  as  follows  :  1.  It  is  limited  in  iU  tip^- 
cation  to  the  raLsing  of  water ;  2.  Tlure  is  a  great  loss  of  power  at  each 
Bui'ceesivc  lift,  oceaMoiicd  by  the  steam  coming  in  contact  with  the  ctdd 
water  in  the  recriiiT. 

Nctccomen's  Engine  tcilfi  the  Crank  and  Fly  Wheel 

3.  This  engine  was  a  great  improvement  upon  Savory's.  Iti  leadot 
fcnturrs  nre  rtpresented  in  Fig.  78.  ('  is  the  btriler,  cnmmunicating  wnh 
the  cylinder  £  by  means  of  the  steam  pipe  S;  F  is  the  piston  rod,  con- 


TUB  STCAU    I 


Fig.  78. 

d  wilh  a  nlid  pUton.  which  woriu  steam  tight  in  thi»  cylindci  i  the 
4  )*  of  Uir  pMon  is  coona^ttd  with  the  chuin  whiuh  Doila  rouucj  tliu 
m-hail  htitil  a  A  of  tho  great  hnun  L  L  i  to  llut  \a  the  piitun  iIuhchkIs 
'  lomiiiiity  of  till!  great  beain  is  drnwii  duwn,  sod  at  ihc  eiaae  timu 
'>  -  jwtiai  Tm\  iliws  nut  deviate  from  ic&  rertiiwl  puHtiun ;  G  ia  a  dilmi 
I  lulil  wnUr  called  Iht  itgteHnn  FUlrrn  ,  &i)iu  ttu«  dcsceudi  the  iiyu> 
t  n  ]4{c  ti  I  K.  (sec  bIh)  Pig.  Ta,  l  wM'li 
.  I  Ii3«  the  tnttom  of  the  cylinilsr :  K  u>  (An 
, ,   T-^fSfi    rrvr*  .■    Bt    ihp    OppUSitl.'  Bllli  (if   ihc 

'Tal  jiipt  turning  uij- 
.  linTJiij  u  falve  N. 
.  Uiiii){  upMitrd*;  Q 
ilrnwug  ulf  the  wnlCT   I 
Kilmnitf  D  of  \ 
ru'Xtti.imdhiu 
(  liftmg  outvard*. 
■  nqtdml  to  be  |nit  in 
fc-T— 1>  f  rMr~-  Oui  llwtHhKin  I'  ii 
n  lo  Uw  ti)[iuf  UiccylliuUT,—  tlioioim  P^.TJ. 
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3  is  opciiGd,  and  the  injection  cuck  K  is  cloord ;  tfaoi  ibc  M 
OiTlng  a  premie  a  linle  above  thul  at  ihH  BtmoHpluse,  IIijwe  &iai 
lur  into  the  cylinder,  and  driTw  uut  the  ttir  tluxnigli  ttiu  uiiftinit  volvw 
When  the  cylinder  is  cumplMdy  filled  with  steBin,  tlii'  et£iai>  i 
1  ie  closed,  and  the  injecdon  rock  K  ia  opened ;  tlitn  a  ji-t  of  c<ild  •» 
I  throwii  into  the  cylinder,  whiuh  instantly  vondcnuoa  tlu-  «tnm 
^aouuin  b^g  thua  tbrmed,  the  pcesEure  uf  thp  iitiuuqjhcre  ujtai  tile  tap 
S  the  piston  causes  it  to  descend.  When  the  jnsicsi  has  nmred  at  lltt 
iDttom  of  the  cylindlir,  the  sleam  cock  S  is  ngiuQ  opened,  mil  tlx 
nintioii  rock  K  closed;  then  the  steam  again  enien  ibc  cylindav 
WD  out,  lie  befate,  any  air  that  may  have  got  in,  and  llm«  tho  w 
mod  in  the  cylinder  by  the  coiidt^nsntuin  of  tht  smun  down  thr  nd 
3  (Hiie  q ;  this  water  escapes  by  ihc  vulve  V  iuto  the  rvilrni  i 
un  Uaieath  the  piston  now  bnlanccB  the  prcsiiro  ot  Ibc  ratmial  ^, 
md  ^ifDunterpiuae  at  the  oppiMitG  end  of  Ihe  grnal  Uiun  naoi 
In  tlu!  oylindET.  But  in  thi'  oiginc  rrjaraenlnl  hj  Rg,  78  iliia 
by  the  momentum  of  the  fly  whud  U  Q.  In  the  some  nu 
a  of  atroki!)  are  porfurmnl. 
In  tlua  engine  tlic  pnsaun;  of  the  ptmosphcR  is  the  moving  ponn,  ih* 
■Uvm  bcmg  mocly  employed  to  fomi  the  vacuum  lienculh  Dw  fiiabn. 
With  the  crank  and  &j  nbed  this  engine  was  emplnycd  b*  u 
teurcr  of  machinery  genendly,  and  the  whole  of  its  jinrta  were 
Mlf-oeting  by  Bcighton  and  Smcaton.    Its  defects  arc  an  tbUow*  : 

It  of  unifbnniiy  in  the  action  of  the  moving  powei ;  2.  Tbe  lew  cf 
n/tn,  tX  every  upward  itrokc  of  the  piston,  fran  the  candci»aliMi  itf 
wm  liy  the  cold  cylinder;  for  it  will  be  obbcrvBl  that  ut  every  d 
arA  Krakc  the  cylinder  hod  to  be  coaled  down  by  the  injccliiai  ymUr. 
Hicmi  dofivts  ore  completely  remedied  in  Watt's  double^  acting  nigiMl^ 
Igr  introducing  a  ai-parate  vetnel,  cnllcd  the  condenser,  whtie  the  « 
!,  and  liy  umng  the  lOeam  not  mcrriy  to  form  q  rocnuui, 
■e  the  piston  up  and  down  by  its  dastic  preaniru. 


Watl't  Engine- 

t.  The  flnt  engine  constmcied  by  WaW  ww  what  ie  cai 
engine,  which  oiJy  ilifTcrcd  in  principle  tttta  tie* 
ig  tlie  gteam  omdcnsed  in  n  vessel  tiqinratc  fima  ibe  Eiyltii 
wnnls  cmplnyid  the  steam  to  prnduce  an  npwonl  ai  ifcl' 
I  Mmke.  and  bum  thix  dnrutniitnnre  Ihv  cnjpne  has  hee 
lo-octing  condennng  cn^c.  Tliin  ni.'w  |iriiid|:^  ra^nil 
a  md  sfaould  be  vonnected  with  the  cxliemit;  uf  Un  gl 
a  mumei  tlnit  the  motion  of  the  pitoii  thuuld  tw  ooniti 
cam  in  Loth  dim-iiDns  uf  tbv  itniku    Thia  Inl  tii  tliv  biva 


fiS 


.  .  il.  ^-jibid  ■!  pa^i'  55  of  iLu  work.  Vurioui  nthi* 
=.jii&iiu.iJ  •itili.i*  Km  BlinDtroilucFil  li]r  him,  to  itinlti'  Oa  iniifliiiie 
jvTfcFl  in  aO  iu  p«rt> ;  tiirh  at  llir  nutrmuutn  for  lifting  tbc  volns  to 
m  to  liBIlibuUi  Ikr  Ileum  abme  Kail  b«Iuw  the  (li'rtuu. 


UIQB    ASD    LOW    PBESSt-KE    ENOtHEfi. 

SiMBi  BUgiium  are  <if  Iwu  kind*  —  thr  Aijh  preauir  or  nm 
«vtec.  anil  ilic  lotB  prrtaure  ur  Dandrauuig  aiginu.  lu  the  AiyA  ymnm 
--JI  -f.  afUr  tfac  (tuuii  but  buua  ulnuctnt  to  tlie  cyluidci  h)  ]irGU  ua  cukc 
■de  uf  Ute  putiin,  fordng  it  up  or  dawn  uuinliug  as  it  cal«ra  bata  bcluw 
or  ■Ufvck  il  otmpea  by  a  Cube  iDto  the  open  oil.  The  itsUtaaci?  of  the 
■tnii^iUsc  id  the  iuue  of  the  staun  lUmuiiehtij  tlie  ninkin^  force  of  Uie 
Ti^-^m,  In  the  bir  pmiure  rntfint,  the  escape  pipe,  iiutuul  of  Dpdihig 
I  '■"  tba  air,  a  ooDductul  inlu  a  vaac)  caQcd  the  ooiulimtcr,  into  whith 
i-.lil  wsUs  it  FonsdiDtlj  ruiuuD^  to  codiIcdk;  the  Btivun.  HciKSflUi  the 
Mlirtor  ei  iho  low  preauire  eogiuE  it  ki'pt  io  a  slate  of  vnmiin,  except 
who*  tho  Kcam  in  actini;.  thure  is  no  lew  of  power  by  atmc^ihcric  ic- 
■"*■■■'■>  i  and  ccBuequeDtij  a  hxFcr  pnsBore  of  atoittu  in  rvquircd  to  ^o- 
d»ci  n  «bGt  equal  to  that  of  the  hi^  pnsure  sn^e. 

iU  bQ  lhi>  cnutenaiiig  appeiaiiu  is  dispensed  with  ia  the  high  pncmire 
Bglo^  Il  (irraina  lea  opocc,  is  much  less  compUvated,  and  a  Iherdbre 
and  on  imbvaiSs  for  louiniotives. 


TALVES    FOB    KBOrLATING   TDK   DISTRTBUTION   OF  THE 

ai£*tl    THRODOH   THE    CVLTXHER. 
]f  Tfatrv  an  Tiiriou<  ctmaiyiaiQes  now  in  ase  for  rc^kting  the  dto- 
n  of  the  aram.     In  Ihr  enginca  constructed  by  Wmt,  tho  vnlvci 
^  apaoiJ  and  daod  by  mmna  of  [niui,  or  tnppets,  Sied  to  nn  oscU- 
d  thf  {ilug  ticD,  attached  to  lhi>  ereat  beam  of  the  engine. 
\e  tnwer,  much  more  din)ile  oontriTancei  hove  b«en 
It  the  «Udi!  tiItb.  the  D  solve,  and  tht  four-wuy  eotk. 

Slide   Valr^s,  ^t. 

Busint,  teilA  the  eommon  SUde  Voir*.  7i^.  SI  repi«- 
1  Ahdr,  wtlli  ila  rolacion  tn  the  other  parts  of  ihc  mginn, 
<\  in  our  lommolirai.  ilrar  P  la  the  piiton,  moving  in 
IdL'h  in  a  lormniitive  ccghlc  llo  in  a  hoHmntal  ivratlim  j 
tnd  paimnft  ihivu|;ii  tlie  nulling  Imi  K  ;  J>  E  i>  the 
ringoMuwctod  with  (he  pittim  nid  liy  h  jriint  ut  D;  B 
_  tadud  t«  Ibr  axle  F  nf  Uie  driiing  wht«J  of  the  uar- 
lAet  ti  lldf  uoJianiGBl  anangunumc  ia.  that  whihit  thu 
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piston  moves  backwards  and  forwards  in  the  cylinder,  the  connecting 

rod  and  crank  transmit  this  motion,  so  ar  to  give  •  rotatory  motion  to  the 

axle  of  the  driving  wheels,  which  moves 

the  carriage  forward  on  the  rail.    We 

have  now  to  consider  a  distinct  piece  of 

mechanism  for  moving  the  slide  valve  up 

and  down  in  the  steam  box  A  B,  so  as  to 

regulate  the  distribution  of  the  steam  in 

its  passage  into  the  cylinder.    The  motion 

of  the  slide  valve  must  be  so  adjusted  that 

when  the  piston  is  ascending,  the  steam 

must  be  entering  the  luider  part  of  the 

cylinder,  while  the  steam  above  the  piston 

is  allowed  to  escape  into  the  atmosphere, 

as  in  the  case  of  a  high  pressure  engine, 

or  afllwcd  to  pass  into  the  condenser  in 

a  condensing  engine ;   on  the  contrary, 

when  the  piston  is  descending,  the  steam 

must  be  entering  the  upper  part  of  the  > 

cylinder,  while  the  steam  below  the  piston 

is  allowed  to  escape  into  the  atmosphere 


D 


Fiff.  83.  Fig,  84. 


Fig.  SI, 


or  the  condcn!«cr,  as  the  case  may  be.  In  ¥1g.  81  A  B  is  Me  steam  ho*% 
which  is  kept  constantly  filled  with  steam  by  the  steam  pipe  S,  proceed- 
iiig  from  the  boiler ;  the  slide  valve  is  moved  up  and  down  by  the  rod  R 
II  passing  through  a  stuffing  box  R ;  a  is  the  upper  steam  port  or  orifice 
leading  into  the  top  of  the  cylinder,  and  e  is  the  lower  steam  port ;  ex- 
actly between  these  ports  is  an  opening  c,  which  conducts  the  steam  into 
the  condenser,  or  the  atmosphere,  as  the  cose  may  be ;  (t  is  an  eccentric 
wheel,  which  turns  upon  the  axle  F  as  u  centre  of  motion ;  O  A;  is  the 
eccentric  rod  attached  to  the  extremity  of  the  lever  k  H,  turning  on  the 
fixed  centre  I ;  the  extremity  II  of  this  lever  is  attached  to  the  zod  of 
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hflldc  vslvp.  vj  tliat  wbwi  the  plilon  P  in  neuoiding,  IhB  slide  viiiro  is 

.   .  :    ',  I  Tjo.      nt  ifKJa  valea  in  a  prcc  o)  nitjlnl  hiiUowrd 

'  III  Dumiiut  twu  ol  111*  opcmiigB.  a  c  t.  oa  the  lidc 

"  luiu:.     Fig.  84  sliDWB  a  scparnte  longllu'liiiul  arr^ 

...   iriil  Fi^  83  slwws  a  view  of  its  hollowed  face.    TliU 

!>■•  '.irr  ilui  »giuiii>i  (he  ddt  of  41)0  eyUiidcr,  si  that  tbc  titRun,  in  the 

•:ma  bos,  laumut  pus  boitvth  the  fiit«  at  the  rslrc 

lo  Fig.  Bl  the  jnittui  V  ta  BUpp»vd  to  b«  ucmdlng,  and  the  ntnrn  is 
paAig  thnnieb  tiw  biwcr  putt  e  into  the  under  pert  of  llie  cyliadtr,  at 
ihv  lame  llmo  ite  Hcum  is  poniDg  finm  the  uppci  pat  at  the  cylinder 
llawsgh  lite  ujqw  port  a,  and  is  dischorgnl  througji  llie  ctntje  jKirt  c. 
mien  tbr  [Mton  his  piTfurmcd  on  iipwuid  tnrokc,  imd  begins  to  descend. 
» la  Fif .  SI.  liic  mlvc  has  mode  a  doirnwnrd  slmke,  and  now  cmiixvts 
the  lii«n  tfcsm  (nrt  t  with  the  centre  port  r,  leaTing  the  upper  piirt  u 
iifiai  tor  Ikr  tUmat  to  oitel  iLe  upper  port  of  the  c j^lindi?  ;  and  ju  on  to 
Esy  tiuiebtT  of  drokcs. 

In  jBsKicc  il  Is  cuftmnary  to  hare  the  tnalion  of  the  valve  so  adjusted 
tittf  thu  tuain  pott  mtj  be  slightly  opm  nhcn  the  pialon  hai  completed 
•0  ctrokA  The  ouall  space  thus  open  is  ealled  the  lead  of  the  Talvo. 
Tti*  lull  illinTS  time  for  the  Miain  lo  eater  the  cfluida',  eo  is  to  gtq/mt 
ucouediiig  Htruke  of  Hie  [Nston. 


The  D  Valve. 

ftf.  n^  87  Mid  SS  repnsvni  scctioDS  of  this  valve  nt  diflbrent 
«  «f  tbe  [""^ii- 

mwiMil»  » laiginiiiliniJ  BBctinn  of  the  valve  itself.  O 
rrnd wiwkiog tluniuEh tlu nufilne Uix ;  Eisnnupen- 
h  the  TBlve,  nf  «hkb  a  trnnevenw  or  trosb  mc- 
■  krfnwninFig.  SAi  8  ia  th^  hollow  in  ilie  valve  through 
9  to  the  top  Of  battom  of  the  cyliudir,  as 
■  iBay  be :  a  A,  in  Fig.  Sii,  a  the  packing  at  the  back  of 
t  rtirt,  wbii'h  workf  ueomrigbt  agoinil  llie  valve  box.  This 
d  the  D  rahe,  from  tb»  Hinn  of  the  cnm  section,  shown 

In  the  poritlan  of  the  tdve  iJiown  id  Fig.  88.  the  steam 
a;  ihttnlfCll  tb"  hollow  of  the  volvc  oileiH  the  lower  part 


at  tix  tytindcT  titniicb 
tbr  ..loL- 
tt^  for. 


T),  wliflc  nt  the  Mine  time 
!ip  ryliiide?  c«cltpw  through    ^. 
..i.:h  thr  lontrihidiiTiJ  opening     ~ 
'  ■■(]  pipe  r  Imdinit  to  lh>'  eon- 
iiiicrmodiatc  pom'tion   of  the 
1.-  I.  niLn-.il  by  nn  ecccDtric,  precisely  in  the 
clMCciM  M  |>ago  £9.  Pig, 
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77ie  Four-way  Cock. 


Fig.  89. 


Fig.  80, 


[npc  proceeding  ftom  the  boiler ,-  C  lcad«  into  the  condeoHr,  or  ta  the 
ext(3tia1  air,  according  aa  the  en^nc  is  a  condcnmn^  or  a  high  pleasure 
one ;  B  leads  to  the  bottom  of  the  cylinder,  and  T  to  the  top  of  it. 
These  four  tubes  enter  a  cock  which  has  two  curved  paasagea  leading 
through  il.  as  shown  in  the  Ugurui.  These  passages  arc  cut  in  such  a 
manner  tliat  by  turning  the  cock,  they  may  be  made  to  open  B  comau- 
flicatiou  between  any  two  adjacent  tubes.  In  the  pontion  of  the  cock 
sbvwD  in  Fig.  90,  Ihe  steam  is  paning  through  the  tube  B  to  the  botlom 
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through  the  tube  B,  into  the  tube  C  leading  to  the  condeiiBer.*  Tht 
eccentric  is  usually  employed  to  move  the  cock  after  the  t««««ffr  de- 
scribed. 

GENERAL   VIEW    OP   A   DOUBLE-ACTING    CONDENSINO 
ENGINE,  WITH   THE   FOUR-WAY   COCK. 

9.  The  steam  boiler  and  its  appendages  are  represented  in.  Fig.  9L 
Here  F  is  the  furnace ;  B  B  the  water  in  the  boiler ;  W  W  the  space 
occupied  by  the  steam ;  Q  is  the  steam  pipe  which  conducts  the  steam  to 
the  cylinder ;  c  a  b  w  the  safety  valve,  (see  page  58  ;)  O  V  the  pipe  of 
the  water  regulator,  S  being  the  float,  &c.,  (see  pajge  69  ;)  i  a  pipe,  pro- 
ceeding from  the  hot  y>at€x  well,  which  supplies  the  boiler  with  water ; 
c  and  (^  arc  the  water  gauges ;  the  former,  c,  is  called  the  water  cock^  be- 
cause it  commimicates  with  the  water  in  the  boiler,  whereas  c'  is  called 
the  steam  cock,  because  it  conununicateB  with  the  steam  in  the  boiler. 
AiVlien  the  watcT  in  the  boiler  stands  at  a  proper  level,  upon  opening  the 
two  cocks,  water  will  issue  &om  the  water  cock  c,  and  steam  from  the 
steam  cock  c^ ;  but  if  the  boiler  contains  too  little  water,  the  steam  wiQ 
issue  from  both  cocks ;  ^  ^  is  another  form  of  the  water  gauge,  (see 
page  60.) 

The  etiffine,  Anth  its  various  parts,  is  represented  in  Fig.  92.  Heie 
B  F  is  the  great  Ix^om  turning  on  the  centre  A ;  B  K  the  parallel  mo- 
tion, (^iec  jiage  /)5  ;)  E  P  the  pii^ton  rod,  attached  to  the  pbN-ton  P ;  C  the 
cylinder ;  S  the  steam  pipe  transmitting  steami  through  the  four-way 
cock  to  the  top  and  bottom  of  the  cylinder,  as  ex])lainod  at  page  68 ;  J 
is  the  condenser,  and  O  the  air  pump,  surrounded  by  the  cold  water  in 
the  cold  water  well  L  Ji ;  "W  is  the  hot  water  well,  from  which  w*ater  is 
pumped  thn^ujjh  the  pipe  t  i  to  the  reservoir  V,  which  Bup|)lies  the  boiler 
Antli  hot  water  as  it  is  required ;  N,  the  nni  working  this  pump,  is  at- 
tached to  the  great  beam  ;  M  is  another  rod.  attached  to  the  great  beam, 
working  the  pimip  S,  which  sup}>lic:*  the  cold  water  well  with  a  constant 
stream  of  cold  water ;  F  K  is  the  connecting  rod  and  crank,  giving  a 
n>tatoiy  motion  to  the  fly  wheel  H  H,  (see  page  i53  ;)  the  eccentric,  fixed 
to  the  axle  of  the  crank,  as  shoAvn  in  the  figure,  works  the  four- way 
cock,  as  explained  at  pajjc  56,  &c. ;  rj  is  the  governor,  regulating  the 
su])ply  of  steam  to  the  cylinder,  as  explained  at  page  57,  &c. 


BYDROSTAnCS  AND  nYDIUULICS.  ' 

1.  HTt>BoflTATtcfl  is  thai  part  of  Nalnnil  Philosoiiliy  wliiuli 
■  of  tb«  woiicbt  nni]  pressure  or  liquule  in  n  slate  oi'  resl ; 
I'l  t.--,  treub  lA'  Itquiils  in  a  etale  of  inoliou. 

:<  1  ftvm  Bilidi  In  KadUy  yielding  to  any  pntHUm 
:  III  tbdi  tendency  to  Jtoia  through  any  ohanncl. 
1 1ll-  rartli  in  roonca  nr  luinpe ;  nheram  every  pnrtJcIii 
liii.l  [i  ttiiartOdj  nrtcd  upon  '>?  t'"*  furceof  grarily.    This 
a  ftaprtty  (i  fliiiiix  Ar^axA*  upon  die  very  «liglit  (unv  of  ivliisiati 
"  If  hawfcn  iluir  pBitidra,  which  allows  thrm  tu  hnvu  d  ttv;  mntion 
It  tlmuctvtsk     WotrT  tavi  t&t  ore  the  ttiobt  ^Tnil*nr  txunplea  of 


■  lEiTer  ivrj  much  in  their  dtgrt*  of  fluidity,  o 
wntcT  uid  Bipiritii  ani  moro  fluid  than  otl  ta  tnr,  and  d» 
*  bave  a  highff  dr^-e  of  fluidtcy  than  watrr.  Liiuiilt,  such  « 
r,  may  be  prnmi)  bom  one  Tand  to  anotliert  but  alia  m  gAacs  are 
%  ifaat  ihi-y 'nmnot  be  k(^  tn  open  tomcIk.  Thin  tbe  pordcta 
In  nnr  ij-JH  tujpnhiT  by  a  slight  tirec  of  cnhtaimi ;  whtrcn*  the 
nf  niB  tiprl  raiJt  nlhei,  nr  bnve  0  tendency  to  fly  nwoy  from 
1.  TIic  UitJi;  gMiula  of  dew  often  KOi  on  the  Iebtw  of  plantB 
I  the  pnrtirJra  of  mtur  have  a  ^mtcr  nttrairtion  for  auih  other 
y  tarr  ba  llw  Imt  A  ilry  ncpdlc,  gently  plnt«l  opon  the  siir- 
n  cimsoqucn™  of  its  weight  not  being  Buf- 
k  t)w  n>lit!iiim  of  tlie  fluid  piiiti<:1f«  on  the  njriare. 
T,  whilst  ^aw*  Mlmit  of  lidng  reduced  in  bulk  by  a  forco 
" "  I  cati  waiedy  be  comjiraBed  at  alL 
thkt  I*  in  a  piston,  nr  plug,  exactly 
e  of  B  eyUndtr  A  II  C  D.  and  Bnt 
I  bouulh  the  pifton  bi-  filled  with 
H)  of  prmnuc  applied  to  tli<?  handle 
■  KBid.  «nd  then*y  to  compriBB 
B  inWant  thi«  pteBure  is  with-  ^  ft 
liiity,  raiMs  the  piston,  and  iv- 
i  i  hcncf)  nir  it  culled  an  cliatie  q 
It  tlu)  BfocT  A  B  C  n  hmnath  the  piston 


I  grtnt 


prtMure  c 


tainqrUhthcwMcrbcneuili  the  pi*ton 
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will  not  be  sensibly  altered  in  its  biilk.  Hence,  vater  and  other  liquids 
are  called  non-clastic  *  fluids. 

5.  Three  laws  obtain  in  reference  to  fluiJ  bodies :  — 
First  The  surface  of  still  water  is  always  horizontal  or 

level.  Second,  Fluids  transmit  pressure  equally  in  all  direc- 
tions. Third.  The  pressure  of  water  is  iu  proportion  to  its 
depth. 

6.  The  surface  of  still  water  is  always  level. 

Whatever  may  be  the  shape  of  a  mass  of  water,  its  sai&ce,  at  aU 
parts,  will  stand  at  the  same  level  or  height.  Thus,  in  Fig.  2»  A  r^ve- 
scnts  a  vessel  containing  water,  a  c  b.  bent  pipe 
proceeding  from  the  lower  part  of  this  vessel ; 
now,  the  water  in  A  and  the  water  in  a,  having 
a  communication  with  each  other,  stand  at  the 
same  level,  h  z.  In  the  common  teapot,  the 
Uquid  in  the  pot  will  always  be  at  the  same 
level  with  that  which  is  in  the  spout.  Work- 
men express  this  property  by  saying  that  «  water  always  finds  its  leveL" 
On  this  principle,  pipes  are  used  to  convey  water  from  one  place  to 
another,  however  uneven  the  surface  of  the  ground  between  the  places 


Fiff.  2. 


Fiff,3.     . 

may  be.  Towns  and  cities  are  thus  fmppUed  with  water  from  distant 
springs.  In  Fig.  3,  S  represents  a  spring  or  fountain,  A  B  C  a  pipe 
conveying  water  from  it  to  a  house ;  now,  although  this  pipe  may  xiae 


*  This  is  not  strictly  true,  because,  under  a  pressure  of  15  lbs.  per  aqnara 
inch,  water  is  reduced  about  the  22,000th  part  of  its  bulk ;  however,  lor  aU 
ordinary  pressures,  water  may  be  practically  regarded  as  non-clastic. 
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over  luUa,  or  pass  through  vallcyB,  yet  so  long  cu  it  does  not  rise  above  the 
level  of  the  fountain  head^  the  water  i^ill  continue  to  flow.  On  this 
principle  the  city  of  Philadelphia  \&  supplied  with  water  from  Fairmount 
xoerroir.  New  York  from  the  Croton  River,  and  Boston  from  the  Co- 
dntuate  Lake.  On  this  principle,  also,  little  streams  descend  from  the 
IbUb  to  the  plains,  and  mighty  rivers  flow  on  towards  the  ocean. 


Levelling, 

7.  TTie  heights  of  moimtains,  as  given  in  geography,  are  always 
estimated  from  the  level  of  the  ocean.  If  the  earth  were*  an  exact 
qihere^  which  it  is  very  nearly,  the  surface  of  the  ocean  would  be  every 
whcxe  at  the  same  distance  from  the  earth's  centre.  The  surface  of  a 
large  extent  of  water  is  consequently  convex ;  but  for  any  small  extent 
of  water,  the  surface  is  practically  flat.  A  spirit  level  is  the  instrument 
whidi  is  usually  employed  for  finding  the  diflcrcnce  of  levels  bet^'oen 
two  places.  It  conssts  of  a  glass  tube  E  F,  filled 
with  spirits  of  wine,  excepting  a  small  part  B, 
called  the  air  bubble.    This  bubble  always  rises  to  /^.  4, 

the  higher  end  of  the  tube ;  but  when  the  tube  is 
perfectly  lerd,  the  bubble  stands  at  the  middle,  B.    In  using  this  instru- 


Fig,  6. 

meat  'for  ordinary  purposes,  such  as  finding  the  levels  for  buildings,  or 
dzBinA,  it  is  fixed  in  a  frame  wth  rights  placed  over  the  direction  of  the 
tube ;  but  when  levels  are  to  be  token  for  great  distances,  such  as  occur 

7 
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Fig,  6. 


in  the  constnic'tion  of  railways,  tlic  iiistninicnt  u*  fixed  upon  the  top  of  a 
spy  glass,  tir  tok's>e<)ix\  iiM)initi*(l  on  a  triixxl  stand,  as  in  the  accompany- 
ing ligiire,  Avhcre  E  F  is  the  spirit  level ;  A  B  the  qjy  glass  fixed  in  the 
horizontal  plate  C  D  ;  screws  arc  placed  below  this  plate  for  adjusting 
the  fipirit  level ;  L  Ij  L  arc  portions  of  the  lc»gs  on  whicli  tlie  iuAtniincnt 
stands ;  the  si)y  glass,  with  the  qiirit  level,  turns  round  on  a  vertical 
nxL<,  so  that  the  person  using  the  instrument  can  direct  the  spy  glaf« 
towiU"ds  any  object.  It  will  be  observed  that  the  line  of  \Tsion  tlirough 
the  spy  gla>s  is  a  level  line,  for  it  is  exactly  xmrallel  to  the  level  line 
lunned  by  the  6])irit  level.  In  order  to  show  the  munntT  of  UKing  tliis 
iii>tnmient,  k>t  it  V^e  ri^piired  to  ascertain  whether  there  is  a  proper  de- 
Bcent  for  wuttT  from  a  well  at 
y  to  a  Adllage  at  U  :  place  the 
Fpirit  level  1)  on  the  eminence 
E,  from  which  leveUing  staves 
F  and  G  15  iim  Ikj  seem ;  ad- 
just the  levil,  and  direct  the 
spy  glass  to  the  htJiff  F ;  turn 
tlie  spy  glass  uixm  its  v(!rtical 
axis,  and  dinvt  it  to  the  staff 
G  B  ;    then  the  dilftrence  l)e- 

tween  the  luights  of  the  stavt«  (>  B  and  F  will  give  the  descent  of  the 
water  ir»)m  the  well  to  the  i)Iace  B. 

8.  Tlur  line  which  Is  doterminid  by  the  spirit  level  is  a  tangent  to  the 
earth's  surfuc<» ;  in  taking  levels,  therefore,  in  this  mjumer  for  any  great 
dw^tance,  an  allowmice  mu>t  be  made  for  the  convexity  of  the  earth ; 
this  allDWiUue  is  alM»ut  8  inches  for  a  mile.     In 

Fig.  7,  DA  C  rcprc'sents  a  iK)rtion  of  the  earth's 
STirfacc,  or  tlie  form  which  the  water  of  the  ocean 
assumes ;  A  B  Is  thtj  appnruiU  h'vd  taken  from 
A,  or  tlie  lino  di.tfTmincd  by  the  spirit  livol ; 
A  Vy  is  t/if  true  liKt'lf  or  the  surface  whii'h  water  extending  from  A  to  C 
would  assume;  B  C  is  the  corrrrfiony  or  the  difierence  belwwn  the  ap- 
I)arent  level  and  the  true  level,  which  is  about  8  inches,  when  the  dis- 
tance A  C  is  one  mile. 

9.  Fluids  transmit  prossiiro  cqujilly  in  all  directions. 

In  order  to  exemplify  this  ]irinci]ile,  let  us  suppose  a  bladder  to  be 
filled  with  wat'T,  and  ;»ft»T  the  month  is  clfisifl,  L-t  it  be  stjueczed  ot 
pressed  with  a  force  nearly  suflicient  to  burst  it ;  now,  every  particle  of 
the  water  will  undergo  the  same  amount  of  pressure,  and  c^verj*  part  ci 
the  bladder  will  be  pressed  ujK)n  by  the  water  with  the  same  force. 


Fi;/.  7. 
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10.  In  the  pyringc.  Fig.  8,  the  piston  or  plug  P  is  forced 
down  upon  the  water  beneath  it,  and  the  pressure  thus  pni- 
duft^  is  transmitted  ccpially  thniuyh  the  whole  Ixxly  of  the 
fluid :  hence  it  is  that  the  water  is  driven  out  at  tlic  orifice 
O  with  a  fbrec  corresponding  to  the  pn«sure  applied  to  the    =iH 

pisiTOQ. 

11.  The  principle  of  the  hydrortatic  press  depends  upon  r 
this  property  of  fluids  :  In  Fig.  9,  A  and  a  are  two  c\iinder8 
containing  water,  connected  hy  a  pipe ;  P  i^  a  piston  fitting 
the  large  cylinder,  and  p  another  ju'^ton  fitting  the  8niall  one. 
N«»w,  any  iwcspure  applied  to  the  Kniall  pL^^ton  will  \)c  traiiR- 
xnittid  by  the  water  to  the  lari^c  pistctfi,  80  that  everj-  ix)rtioii 
of  *iirtace  in  the  larj^e  piston  P  will  Ik*  iJresMtl  upwards  with 
the  same  force  that  an  ecpial  portion  of  KUiface  in  the  small 
pi*«ton  p  is  prey<»d  downward-*.  For  exanii)lc,  let  p  contain 
crtie  inch  of  surface,  and  let  the  downward  i)if'#'sure  ap})lied  to  it  lx»  20 
Ih^;  then  evcrv  inch  of  surface  in  I*  will  Ik,* 

m 

pn^ficd  upwardK  witli  the  ft)rce  of  20  lbs.,  and 
therefore  as  many  times  as  the  surface  of  the 

m 

LiriTf  p'^'tim  L<  grrat(T  than  tliat  of  the  snuiU  ont% 
j>t  •^>  many  tim^.s  will  the  ui)w;ird  prosure 
tijTi.-n  the  large  pi-^t^n  Ix?  greattT  than  the  dfiwn- 
ward  pTLT^ure  u|¥ni  the  small  one;  thus  if  V 
c^intain  a  surffU'C  of  00  inches,  then  the  prirs'^urc 
up»n  it  will  be  equal  to  30  timL?;  20 11)S.  or  000  Wyt--. 


I 


Fuj.  8. 


::i^  p 


lLj 

A 
i.    . 

Fii/.  9. 
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12.    Thi?  pressure  of  wftter  is  in  pn^portion  to  its  depth. 

\.*  idl  the  jjartieli-H  of  a  fiuid  press .^<)n  tho^i-  inunediatcly  IkR»w  thrm, 
th<;  i-iirtieles  at  any  given  dtpth  will  have  to  sustain  the  wcMght  or 
pniN^ure  of  thr»se  which  lie  alwve  them,     'lliu*;.  Fig.  10,  the  particles  at 
ih«*  lir^ttom  1  J  of  a  vc?*s«.l  filled  with  wati-r  will  sus- 
tain doubk  tlie  jjo^ure  of  tlnw  lying  iu  the  midiUc  ^  ; 
E  F :  luid  the  i>articUs  at  this  depth  will  sustain  «lon1.»le  c 
tl:f  jin-^-xirv  of  those  lying  in  C  D  at  one  fmjrth  the     .| 
wh«4i'  dt-pth  ;  and  fo  on  :  heme  tin-  ])res^urc  of  wattT  e  . 
a:  any  d^.pth  is  in  pn)iK>rtion  to  that  dopth.     T>iit  as      \ 
watr  trau'Siiiit*  prt^Mire  e«inal'y  in  mH  dir-  ctions  this  ^*  ■ 
pn.-s^'in.'   will    ncr    >iili.w!iy^   ji^   w"i1    a-   'I-i'vmw-ipIs. 
H»ni--Tho  ^m-s-iunr  at  Ihc  pnMt-s  A.  ''',  10,  'J,  and  K 
will  \it.'  vis  the  nunilxTs  0,  1,  2,  M,  and  1  — tliat  i<,  as 
the  dcjith^i.     1a  I  holis  be  l)ortMl  ot*  the  same  size  at  .'^*  ^"' 

the  peints  D,  F,  H,  J,  and  K ;  then  the  water  will  flow  out  at  these 


IE 


1 


I __j  ^ 
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holes  with  forces  proportioned  to  the  pres-surc  of  the  water  at  theK 
points  —  that  is,  with  forces  in  proportion  to  the  deyith  of  the  holes  be- 
low the  surface  A  B  of  the  water :  thus  the  water  vnM  flow  from  K  and 
J  with  the  same  force ;  from  F  it  will  flow  with  half  the  force  that  it 
does  from  K  or  J ;  from  D  it  ynH  flow  with  oue  fourth  the  force  that  it 
does  from  J ;  and  so  on. 


Pressure  on  ike  Bottom  of  Vessels. 

13.  In  upright  vessels,  the  pressure  on  the  bottom  is  ob- 
viou«ly  eijual  to  the  weight  of  the  water:  thus,  in  Fig.  11, 
the  pres>ure  on  the  Iwttom  D  C  is  equal  to  the  weight  of  the 
water  FOOD  contained  in  th^  vessel ;  hence  the  preuwre 
v]>on  the  bottom  of  a  cesscl  is  found  by  multiplying  together 
the  area  of  the  base,  t/ic  perpeiitlicular  depth  of  the  water ,  and 
the  foeight  of  a  cubic,  foot  of  water. 

An  cxami)le  ^^*ill  render  the  truth  of  this  rule  more  apparent. 

Example.  Let  the  area  of  the  base  D  C  contain  two  square  feet,  and 
let  the  depth  of  the  watLT  G  C  be'  three  feet ;  required  the  pressure  on 
the  bottom  of  the  vesbcl,  the  weight  of  a  cubic  foot  of  water  bcuig 
1000  oz. 

Content  of  water  =  area  biise  X  ix?rix^idicular  height. 

=  2  X  3  =  (>  cubic  feet. 

Weight  of  water,  or  pressure  on  base,  =  6  X  1000  =  6000  oz. 

1 4.  The  pressure  on  the  bottom  of  a  vessel,  whatever  may 
be  its  form,  depends  solely  upon  the  area  of  the  base  and  the 
perpendicular  depih  of  the  water.  This  arises  from  the  law 
of  equal  distribution  of  pressure  explained  in  Art.  9. 

Figs.  12,  13,  and  14,  represent 
three  diirei-erit  ve^^sels  having  equal 
ba<«cs  and  tV.e  Fame  pcrpondicidar 
depth  of  water  in  them ;  all  their 
bases  will  sustain  the  samo  amount  of 
pressure.  Hence  the  prr=5iiircon  the 
bottom  of  a  vessel  containii.s  wat(T  is  equal  to  the  weight  of  a  columii 
of  watLT  who«^  ba<-e  is  cfinjd  to  the  bottom  of  the  vessel,  and  its  height 
cq\ml  to  the  depth  of  the  Ik  ttom  from  the  surface  of  the  water :  thus  in 
the  three  forms  of  ve«*els  rej>roscnte<l  in  the  forep^oing  cut  the  pressure 
on  the  bottom  is,  in  all  the  cases,  etjual  to  the  weight  of  the  column  of 
water  A 13  C  D. 


R 


A 


Fig.  12. 


13. 


14. 
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Vpviard  Pressare  of   Water. 
16.  The  upwwtl  imsBure  of  waUT  is  very  uluuly  proved  by  tbo  fol- 
lowing eiinple  experiiDcuU  :  — 

£17.  1.    Tic  a  piece  of  IdaildtT  It  (,i''ig.  l-J)  ti>  oue  end  of  an      ■     ■■  j. 
opQi  tube  A  B ;  puur  wuter  iuUi  U ;  tlieii,  onriii);  u>  tlie  pres-      3 
■ure  of  thu  water,  the  bladder  bccomw  convex  ;  dip  the  tube      %-J\ 
into  BVavelirf  water;  an  tht  lube  is  dcproHcd  the  blodder  be-      J.'.j 
conra  lew  and  ten  convex,  oiid  it  bitomin  pcifecUy  flat  whcai     J  ..  j  ■ 
the  WMS  in  the  tube  iit  oti  n  kvi'l  with  the  wntcr  in  the  vcs-       0  rA 
■d,  far  then  the  upwonl  priKwru  of  the  Lillet  i»  equal  to  the      Vs/b 
downward  pmaiure  of  the  foiiiuT:  when  ilui  liibi'  is  plunged    Fig.  IS. 
deeper  than  Hat,  the  bladder  hntiinct  tuneavc. 

Exp.  2.  In  Pig.  Its  A  It  is  a  thick  tu)ic  having  its 
nndET  Old  ground  nraight ;  n  is  a  tint  pece  of  lead 
baring  a  string  it  H  attached  to  it,  ro  that  the  plate  of 
l(ad  may  be  dtawn  close  to  the  cnil  of  the  tube;  plunge 
the  tube  into  a  tckicI  of  wulcr;  quit  tht  strinc :  the 
plate  icmajn*  nipporti'd  l)y  llic  iijiwiircl  piT^urc  .if  the 
wntcr;  raiM>  tliL-  tulie  until  the  l<ml  f;i1K  iilT;  at  this 
point  the  diiitli  of  the  lead  Ijelmv  thp  surtiK-c  of  the 
fluid  will  Le  about  eleven  timm  its  tlui'kni-w,  Cir  lead 
ii^  about  eleven  tima  the  wei};ht  of  an  eiiuiJ  hulk  of 

Exp.  3.  Pip  the  end  Tt  of  a  nmnll  tube  (Fij!- 
•jiiitk'ilver ;  aap  the  uppiT  end  \  with  ihi'  li: 
lift   up  the  tube  tnim  the 


li  k.-ih 
the  end  of  ih"  l< 


ti  tlie  1'.v 


cif  the 


vc»il.,r  i.iii.-r  M  ail.i.th  nithiT 
mrire  than  ISJ  timo  tlie  Iniirth  of  the  little  enhiron  of 
qirielualver.  tlioi  titkc  aH-ny  the  finger  :  the  (luieksilver  re- 
mains Hippvtid  hy  thi!  upward  prcwnire  of  the  water.  It 
will  he  oIhtvmI  thiit  qiii('k>ilv"T  is  ahout  i;j^  tini«i  the 
wiijjht  of  on  etjuul  l.ulk  of  watit. 

1 1.  Thi.'  upward  pr^t+unr  of  a  lone  eolunin  of  wntfT  is 
■trikin)(Iy  cxhihil.d  in  thf  hy'ri":*  il!f  kt't-Tn,    Tivo  ln:inl>i, 
A   and    U,  Fia-    H,   are  c,.tiiie.-t.  d  f-^tVn  l.y  ni'-iuJ.  of        f'y. 
Ii-nh.T.  a*  in  the  ffimninn  Ulliw ;  n  Miiiill  iiij)'.'  «  A  r  roin- 
niunl.at.,.  Willi  th-ii,wd.'  of  ll..' l.llr.w^;  11  h.-ai,^  weight  W  i^^  [> 
H]«m    ll,e  upj'T  In-iif!  t"  ^l:o»    ihi-  cl''.    t  of  ilie  |ffis-un-.      Wa' 
Buuied  iu  itt    tlie  iiu-ulh  1,  m>  u»  to  IJl  t)i>*  ImIIiiu's  as  well  as  the 
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Noir,  when  water  is  pouml  into  ctio  tube,  the  iippcr 
bnBrd  A,  with  its  weight  W,  io  lifted  up  by  thu  pns- 
furc  of  tbo  water  bciitutb  it.  The  bore  of  the  p[pa 
may  be  aa  small  as  you  (iIcium;,  for  the  pawu  of  the 
imitrumi.'nt  merely  depcodit  upou  the  hdglit  of  the 
column  of  water  ft  c  in  the  amall  tube  uiid  the  una  of 
the  board  A  B ;  that  ia  to  say,  the  weight  \V  which  is 
raised  is  eijUHl  to  the  wdght  of  a  column  of  water 
A.b  c  standing  on  the  u^ipcr  board  as  a  base  aud  hav- 
ing 6  c  af  its  perpcndieuUir  height.  If  the  area  of  tho 
boord  A  £  is  one  sqiuirc  foot,  and  the  hnght  of  the 
column  of  water  i  c  in  the  niuaJl  tube  is  three  feet, 
then  the  upward  pressure  u[>on  the  Imard  will  be  equal 
to  the  weight  of  three  culiie  feet  of  water,  or  equal 
to  3000  oz.  Nuw,  by  maldng  the  bore  of  the  pipe 
very  amall  we  may  BuiipiKKi  thin  effect  to  be  prodiiDi?d  Hy  one  ounce  of 
water  jioured  into  the  pipe  ;  this  ouuec  of  water,  therefore,  »  sufficient 
tn  couuterbalanee  three  thousand  ounces  placed  upon  the  beUowa  board. 
Tlic  aHtoninhing  effect  of  a  small  column  of  water  acting  in  this  u 
has  been  called  llie  hgdrofCalic  paradox. 

17.  In  this  nuumcr  a  strong  cask  (Fig.  19)  iilled  with  liquid 
may  be  burst  by  a  few  ounce"  of  watrr  pound  into  a  long  tube 
A  communicating  vith  tho  inside  of  (he  i^atk. 

If  a  atrong,  wguare  gla:«  bottle,  empty  and  firmly  corked, 
be  sunli  in  water,  its  NdcK  will  W  crushed  iuwanLi  by  the  ptca- 
miTC  before  it  reaches  a  dqith  of  ten  fathoms. 

If  B  eorhrd  empty  hottlc  be  let  ilown  int'i  the  sea,  die  cork  is 
wiinlly  fiirecd  inwards  nt  a  c(.miiin  depth. 

AVheu  II  Fhip  fbundiTS  at  sen,  the  great  pressure  at  the  bottom  p;„, 
fiirccs  water  into  Ihi!  i>uri.ij  iif  the  wiud.  aud  makes  it  so  heavy 
that  no  part  can  ever  rise  agnin. 

IH.  This  law  of  ptvwure  is  also  sometimes  seen  acting  on  a  great  scale 
In  nature  in  the  rcudiii);  uf  nicks  and  mountains.  Let  A  B  (Fig  SO) 
reprcBpnt  a  Inng  vertical  fls^tlTe  or  ercvice, 
communieating  nnth  lui  internal  envity  C 
lumiud  in  tho  monntuiii.  but  without  any 
tnith't ;  now,  when  tlie  IImiuc  and  cavity  be- 
come HUmI  with  water,  un  cnorniims  uplicav- 
ing  three  U  jmidui-fd,  suiUcicnt,  it  may  bo^ 
to  CftUM  a  disn^ion  uf  the  ma*  D. 

Ai^ting  i"  thih  nny,  water  st'ems  lo  be  one 
of  llxHt-piiit  a;ri'nt-in  natnit' which  arc-eon- 
Mautly  pniduciiig  cluii;{p«  uD  the  surliuw  of 
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the  globe.     The  fioezhig  of  water,  under  the  same  circumstances,  also 
tends  to  produce  simihir  etiects. 


E 


.•D^-—  -::. 


Pressure  on  the  Sides  of   Vessels. 

19.   It  has  been  shown  m  Art.  12  that  the  pressure  of  water  on  a  point 
in  the  ade  of  a  Tcesel  increases  with  the  depth  of  that  point  below  the 
smfEUie.     Let  A  I  (Fig.  21)  be  the  §ection  of  the 
side  of  a  rectangular  vessel  tilled  with  water,  and    a.  u 

let  the  whole  depth  A I  be  8  feet ;  then  at  the  mid- 
dle point  B  the  depth  A  E  will  be  4  feet  Now, 
the  preffiUTc  at  I  is  produced  by  a  column  of  water 
whose  height  is  8  feet,  whereas  the  pressure  at  the 
middle  point  is  produced  by  a/rolumn  whose  depth 
is  4  feet,  which  is  just  the  mean  or  average  between  ^^9-  21. 

the  top  and  bdRom  pressures,  and  in  fact  the  aver- 
age of  an  the  prossurcs  acting  upon  the  side ;  hence  the  whole  pressure 
vpoQ  the  ade  will  be  produced  by  a  column  of  water  whose  base  is  the 
area  at  that  side  with  an  average  depth  equal  to  half  the  whole  height 
cr  depth  of  that  side.  We  therefore  have  the  following  rule  for  finding 
the  preasuze  on  the  side  of  a  vessel :  — 

Multiply  the  area  of  the  side,  in  feet,  by  one  half  its  depth, 
and  this  product  again  by  the  weight  of  a  cubic  foot  of  water. 

Conceive  a  surfiice  equal  to  the  side  of  the  vessel  to  be  laid  in  the  bot- 
tom, then  the  prcstiure  on  this  surface  \i'ill  be  double  the  actual  pressure 
on  the  side ;  for  in  this  case  the  column  of  prei«ure  is  the  whole  depth, 
whereas  the  column  of  pressure  on  the  side  is  only  equivalent  to  half  the 
whole  depth. 

It  is  important  to  observe  that  the  pressure  on  the  side  of  a  vessel  has 
nothing  to  do  with  the  length  of  the  vessel  in  the  direction  A  B,  for  tlie 
prcararc  is  simply  equal  to  the  product  of  the  area  of  the  side,  the  dq)th 
of  its  middle  point,  and  the  weight  of  a  cubic  foot  of  water  :  thus,  — 

Pressure  on  the  side  of  a  vessel  =  area  side  X  half  depth  X  wt.  c.  ft. 


20.  In  conseouon«?  of  tlie  incroa«ie  of  y.ny^- 
pure  with  the  depth,  ewhtinfaufntH  and  (lanm 
are  made  broader  at  the  l)ottrnn  tlum  at  the 
top,  rFig.  22.)  And,  on  the  8ume  principle, 
m  ordvT  to  have  a  cask  eqiudly  strong,  there 
should  be  more  hoops  placed  towards  the  bot- 
tom than  towards  the  top. 


--L-I 


Fig.  22. 
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Centre  of  Preisure. 

21.  The  cenlre  of  pressure  is  tbat  particular  point  ia  the 
Bide  of  a  vessel  where  the  whole  pressure  upon  it  maybe 
conceived  to  be  applied  without  altering  tlie  elTect. 

Thus  (Fig.  23)  let  the  surface  A  Q  D  G  be  subject  to  the  pmure  of 
water ;  tlicu  there  must  be  a  pomi  C  in  that  surface  where  a  sLo^  op- 
posing presaurc  may  be  applied  which  shall  exactly    .,  %. 
balance  the  whole  prtssuro  of  ihc  water  ;  this  point  C 
is  callixl  the  cni/re  q/"  preMUTB.    This  pdnt  must  obvi- 
ously lie  in  the  vertical  line  £  F,  dividing  the  surface 
equally  ;  moreover  it  must  be  nearer  to  tJie  Imtlom      .      ]      '  ^^       . 
than  it  is  to  the  Inp :  in  ioct  its  distance  fcnm  the  l)ot-        \J         ,'  ^^  [ 
tom  is  found  to  be  one  tliird  the  whole  depth ;  that  is   ^    ^        '       V 
to  say,  F  C  ia  equnJ  to  one  third  E  F.    An  example          pjg^  23. 
will  render  the  sulijiict  more  plain ;  — 

Ex.  Let  the  breadth  A  Q  =  4  feet,  the  depth  AOorEF  =  9fret: 
required  the  pueitiou  of  the  ceutie  of  pressure,  and  also  the  whole  prs- 
Bure  of  the  water, 

Ucre  the  diKtani^:  of  the  centre  of  pressure  &om  the  bottom  of  the 
vessel  is  M|ual  to  ^  of  0  feet,  or  3  feet. 

To  find  the  jircssure,  we  have 

Area  surface  A  d  D  G=4  X  9  =  3$  sq.  feet; 
I'rujsure  on  A  Q  D  Ci  =  area  X  i  depth  X  wt.  c  it  water. 
=  3fi  X  i  of  9  X  1000. 
=  162,000  OK.,  or  I0,12fi  lbs. 

Here  a  pnasurc  of  10,125  ths.  applied  at  C  would  counterbalance  the 
pciwure  of  the  water  upon  the  wholu  siirtoee. 

It  nuiy  Ik!  worthy  of  olMTvation,  that  u  !<iti^1i.'  hoop,  pUced  upon  a 
barrel  at  one  third  the  wImiIc  liciglit  from  the  Uittuni,  would  countertMl- 
Biivc  the  iiroBure  uf  tlie  liquid  upon  Ihc  staves. 

Si'KCiFic  Gravity. 

22!  Bodies  differ  very  much  in  thdr  density,  or  in  the  qiiontityaf 
matter  whii:h  tbey  contain  in  a  given  bulk ;  thus  the  weight  of  a  lump 
of  Inid  is  tuure  than  iurty  times  the  weight  of  an  equal  bulk  of  (nrk, 
and  tlic  wuisht  iif  s  piece  of  iilaliniim  is  nearly  douhle  the  weight  of  an 
■  eri'ial  hulk  of  leiul.  The  ijfrrj'r  t/firiti/  i-S  a  body  ii:  its  wdght  as  com- 
parol  wiih  tlif  weight  of  an  eqiud  hulk  of  some  oilier  body,  taken  as  a 
ataudard.  Fur  the  sake  of  convenience,  pure  water,  at  the  temperature 
of  BO',  is  taken  iu>  the  >-tiindard  by  which  the  sjimlic  cravitiee  of  aS 
otlwr  HulBtanccH  arc  cuuipurcd.    Tukijig  the  spceiHc  gravity  of  water  m 
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nnitj,  tbe  qiecific  gravity  of  tuny  other  guleloncc  is  expressed  by  the 
numlm  of  times  tliat  it  in  heavitT  than  bu  equal  bulk  uf  tvutcr :  thus 
iron  is  8  timea  tbe  wdght  of  an  ujuul  bulk  of  water  ;  thcrefuru  the  spc- 
olk  gravity  of  iron  is  8  ;  and  so  on  lo  olhir  casea.  K<jw,  the  wdght  of 
scuUc  (iwtof  watei  is  eiactly  lOOO  ouncefi  ;  hinicc  wo  find  the  weight  of 
a  cuUc  foot  of  any  suhttancc  by  simply  tukiiig  its  specific  gravity  us  so 
many  thouMod*  of  ounces ;  thus  the  weight  of  a  culic  ibut  of  iron  ia 
MOOouDcea. 

23.  A  body  einka  or  Suats,  oceordiug  as  its  specific  gravity  ii  greater 
ot  len  than  the  fluid  in  which  it  in  iinmciBed ;  and  when  the  spedlie 
grxriiy  of  the  body  is  equal  to  that  of  tlie  water,  the  body,  upon  bdng 
immencd,  neither  rises  nor  Ihlls,  but  remains  as  it  were  sui'peiidcil  iii  the 
fluid  at  all  depths. 

Z4.  Tlie  moet  important  laws,  regulating  the  pressure  of  fluids  on 
•cdids  munoBed  in  thon,  are  as  follows :  — 

1.  When  a  solid  bwly  floatt  on  a  fluid,  tho  weigUt  of  the 
fluid  displaced  U  equal  to  the  weight  of  the  budy. 

2.  When  a  heavy  body  is  weifjiieil  in  waier,  the  weight 
which  the  body  loaes  is  due  to  the  upwanl  pressure  or  buoy- 
ancy of  the  water,  and  ia  equal  to  the  wt'iglit  of  thii  watur 
displaced. 

iS.  The  following  ezperimcncs  arc  intended  to  illustrate  these  impor- 
tant laws,  as  well  bs  other  propatics  of  fluids  'dcpmdiug  upon  their  spe- 
a6c  grvTity. 

EXFBBIHENW. 

Exp.  1.    Fluids  niay  be  placed  upon  each  iithet 
tbe   oda   of  thdr  specific   gravities :    thus    mcrti 
VUer,  oil,  and  spirits  may  bo  pjatcfl  upon  each  other 
m  a  teM  tube,  as  in  the  annmted  cut.  {¥\%.  21.) 

Ej!p.  2.  Fluids  may  be  inude  to  bubuico  ciu-h  other 
by  thdr  oppoidng  jircssunr,  and  in  such  costs  the 
columns  of  the  fluidi  sic  revcTM'ly  as  their  sjici'ific 
gnrrilirs.  Takeabent  tulic,  (Kig.S-i,)  introdu»>alitIle 
mscury  into  one  leg,  and  «ime  watiT  into  the  other : 
tbe  column  of  water  will  be  al)out  mi  times  the  height 
of  the  mercury,  in  order  ihnt  the)'  shmdd  lialanco  each 
OthcT.  From  this  it  follows  that  mercury  is  about  lyj 
tima  the  freight  of  waltT. 

£9.  3.    Try  water  and  rauriadc  ether,  as  in  the  la«t    1 
eipmmait :    tbe  column  of  ether  will  be  about  Ij 
tii*i#f  fbe  mtTimn  of  water. 


82 


NATURAL  AHD  IXBEHmilTAL  PBILdSOFHT. 


1 


A-  > 


Fi>.  26. 


j:.rj).  i.  A  l!:,']it  fliii'l  uill  ri-u  witliin  a  hoa\-y  one.  Take  a  rniall 
Ixittli.'  lilltil  with  ri><l  'svi'n.-.  (or  any  (■olcrt.d  liquor  sixoilically  liglitcr 
than  watLT;)  invLil  it  >\itli  its  mouth  at  the  lK>ttom  of  the  VLS^el  of 
water:  tlie  -vviur  n^.-.s  tluoujzli  llie  wat'-r. 

J'^xj).  o.  A  luavy  Uuiil  ^Mll  .sink  in  a  U^hier  one.  Take  a  Fmall 
bottle  filled  with  dilutc-d  siiliihiirie  acid,  eolored  red  l)y  the  tincture  of 
litnius;  invert  the  mouth  of  the  Iwttle  at  tlie  top  of  some  hot  ^-ater: 
the  hca\'y  colored  liquid  descends  through  the  water. 

Exit,  6.  Fill  a  vc-fihel  A  (Fig.  2(i,)  havnig  an  opening  a,  with  water,  until 
it  Ix^ins  to  run  out  at  a  ;  jJac-e  any  lloating  body  W 
on  tliesurfrice  of  the  water ;  the  Ixnly  sinks  to  a  cer- 
tain depth,  and  thereby  du^phiecs  a  i)ortion  of  water 
ttpud  to  tlu-  bulk  of  that  ]);irt  of  the  botly  which 
is  innnersed  ;  rwiive  this  wati.T  in  the  vessel  U ; 
weigh  the  water  thus  r«(  lived,  and  it  will  be  found 
to  Ixj  ccjual  to  the  wiight  of  the  lloating  1x)dy. 

Kxj).  7.  Agidn:  fill  the  vctjscI  A  ^\iih  water 
until  it  bcirins  to  run  out  at  a;  innnerse  any  body 
W  conij'ktely  in  the  water,  then  a  quantity  of 
watcT  will  run  out,  into  tlie  v(sh'1  L,  ccpial  in  bulk  to  the  hodj 
imniei-sed  ;  woiijh  this  water,  and  it  will  give  tlie  weight  of  water  equal 
in  bulk  to  the  Ixnly.  The  aelual  weight  of  the  body  di\'ided  by  the 
weight  of  1hi<<  watiT  whi*h  it  <li^plaec^  will  give  the  specific  gra\T.ty  of 
the  Ixxiy :  thu^  if  the  wiight  of  the  lK»dy  Ls  G  ounces,  and  the  weight  of 
the  water  wliiih  it  di.^plac.s  3  ouncis,  then  the  weight  of  the  body  Avill 
be  2  tinier  the  weight  tif  an  e(pud  bulk  of  water;  that  is,  the  specific 
er:ivity  of  the  Ixxly  will  be  2,  that  of  water  IxTJig  1.  Tliis  is  a  f^implc, 
though  j^)inewhat  nule,  method  of  finding  the  specific  gravity  ci'  u  body. 

F.r,,.  H.   Two  e<pial  weight^  A  and  B  (Fig.  27) 
are  duly  hulaured  over  a  |>nllry  ;  place  one  of  them      /  ^ 
A  at  the  hittom  of  an  rinpty  vessel;  ^xnir  water      j"'"^ 
into  the  vlsmI  ;  the  equilibrium  i^  destroyed  by  the  ^  '^ 
buoyancy  or  upw:ird  pres>ure  of  the  water  uprm  the 
weight  A,  and  it  consetjuently  a«cend"i«  to  the  sur- 
face of  the  fiuid.     Hence  it  requires  less  force  to 
raiM^  a  Kdy  in  water  than  it  dov-s  to  raise  the  same 
lj<xly  in  air. 

J\.r.i.  i).    'I'aki'  a  Mnnll  lonsx-neck^'d  l>)ttlf*,  and  put 
some  sill. I  into  it,  so  a*^  to  make  it  iliuit  to  a  con- 
venient (lej.th  in  water;  m:ike  a  mark  on  the  nrek  of  the 
bottle  at  the  level  of  the  water;  now  Uoat  the  bottle  in  Komc 
other  liquid,  ^^ucll  as  oil  or  Inrr,  whose  spcxiific  gravity*  is  lc>8 
than  that  o(  watiT ;  the  Yiuttle  sinks  to  a  greatcT  dcptli. 
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Heir  ibe  bulk  of  the  dutplacod  liquid  is  greater  according  as  its  specific 
gravity  ia  IcAeu 

Exp,  10.  To  show  that  the  icviylU  which  a  body  loncs  in  tmfcr 
it  tqxial  to  the  leeiyht  of  the  fluid  displaced :  place  a  hollow  cylin- 
diT  a  oil  one  ecale  of  a  balance,  and 
Rupcnd  to  this  «cale  a  folid  mctul  cyl- 
inder 6,  which  exactly  tits  the  hollow 
£in2ic<l  in  the  other  cylindtr  a ;  place  a 
might  e  on  the  uppK»itc  ^H.'ale  so  as  to 
ii>tijre  the  biilaiice ;  plunge  b  into  a  ves- 
*•]  I  if  water  ;  tlie  scale  c  di-scends  :  now 
fill  the  hollow  eyliudtT  a  with  water ; 
the  efjuilibrium  id  restored.  It  will  be 
obier\*ed  that  the  water  which  restored 
the  equilibrium  is  eciual  to  the  bulk  of 
the  bitdy  6. 

Bxp.  II.  Balance  a  glass  of  water  in 
a  pair  of  common  Kralos ;  suspend  a  two 
ounet.*  brass  weight  by  a  fine  thread  hold  the  wcijxht,  thiu*  Hnsi)cn(lf<l, 
in  the  water ;  then  the  scale  on  which  the  cjlass  f)f  water  is  phurd  dc- 
Heud.s  and  it  will  n>quire  about  a  quiirter  of  an  ounce  to  rotori*  the 
equilibrium.  Thu*  quarter  of  an  ounce  Ls  tlio  wiij^ht  (jf  wulir  i<nial  in 
bulk  to  tlie  bntvi  weight ;  therefore  bra:«s  is  about  eight  timu-s  the  w(>i^}it 
of  an  equal  bulk  of  water. 


Fig.  29. 


To  find  the  Specific  Gravity  of  Liquids  hj  Afraas  of  a  snmll 

Bottle. 


2fi.  Take  a  small  gla««8  bottle  having  a  long  neck ;  find  the  weight 
r.f  thij»  Ujttle;  fill  it  ynxh  pure  wattr  up  to  a  certain  mark  nirul'-  himui 
the  neck;  weigh  the  bottle  and  water;  then  the  <Ulfer(n(e  Ut\v»en 
the«e  wdifhts  will  give  the  weight  of  the  enrldsed  water.  Pour  out  the 
watcT  and  introduc*c  the  hquid,  who<(?  siKvitic  gravity  is  to  be  drti  r- 
mined,  to  the  height  of  the  mark  made  uixm  the  neck  of  the  Nettle; 
wci^h  the  Ixittle  and  liquid;  then  the  difference  betwcvn  tliis  wirjlit 
and  that  of  the  bottle  itself  will  give  the  weight  of  the  enel<>sed  liquid. 
Kow,  having  thit*  obtained  the  weight  of  tHpial  bulks  of  water  and  tlie 
hquid,  the  lattrr  weight  dividitl  by  tlie  former  will  give  the  spicitie 
gravity  of  the  liquid.  For  example,  let  the  weight  of  the  empty  Ixittle 
be  200  grainfi,  that  of  the  bottle  filled  with  water  800  grauis,  and  that 
of  the  bottle  and  liquid  1100  grauis ;  then  wc  have 
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Weight  of  the  water  =  800  —  200  =  600, 
Weight  of  the  Uquid  =  1100  —  200  =  900 ; 

Specific  gravity  of  the  liquid  =      -  -=  U 

600 

To  jiiid  Hie  Specific   Gravity  of  Bodies  by  the  Hydrostatic 

Balance, 

27.  Tlie  hydrostatic  batancc  diiferfi  firom  an  ordinaiy  one  only  in 
having  u  hook  att-ac-hcd  to  the  under  side  of  one 
of  the  scales.  The  body,  wliose  speeilic  gravity  is 
to  \yo.  found,  is  sasix)U{led  from  tlie  hook  by  a  hone 
hair,  and  then  its  weight  L**  determined.  It  is 
now  weighed  in  watei-,  and  thus  its  loss  of  weight 
is  useertain(xl.  Now,  it  has  been  exx)lained  (see 
Exp.  10)  that  the  weight  wliich  a  body  loses  in 
water  is  ajual  to  the  weight  of  a  portion  of  water 
eqn;d  in  bulk  to  the  body,  and  hence"  we  have  the 
following  rule :  — 


t 


Fig,  30. 


The  specific  gravity  of  a  body  is  equal  to  its  weight  di- 
vided by  the  weight  which  it  loses  in  water. 

Ex.  Tlie  weight  of  a  sohd  body  L*  200  grains  but  its  weight  in  water 
is  only  loO  grains :  required  the  specific  gravity  of  the  body. 

IUtc  the  loss  of  weight  in  water,  or,  what  is  the  same  thing,  the 
weight  of  water  Cfjual  in  bulk  to  the  body  =  200  —  160  =  50 ;  but 
the  weight  of  the  body  itself  =  200 ; 

The  siKtifie  gravity  of  the  body,  or  the  number  of  times  which  it  is 

200 
heavier  than  an  c^jual  bulk  of  Avater,  =  —  =  4. 

28.  The  ppecifie  gravity  of  IhjuUh  may  be  found  by  the  hydrostatic 
balance,  in  the  following  manner  :  — 

W«?igh  u  sohd  Ixidy  in  watcT,  as  well  as  in  the  liquid  whose  specific 
gravity  is  to  be  determined;  then  the  loss  in  each  case  will  be  the  rc- 
sjK'ctive  weights  of  equal  bulks  of  water  and  the  Uquid  ;  therefore  — 

Tlie  lons  of  weight  in  the  liquid,  divided  by  the  loss  of 
weight  in  the  water,  will  give  the  specific  gravity  of  the  liquid. 

1l\\o.  solid  IxkIv  us<fl  in  this  proi'css  is  ufnially  a  heavy  piece  of  glass. 
susp'Muled  from  the  seale  by  means  of  a  fine  platinum  wire. 

Ex.  A  heavy  pietT  of  glass  loses  2  ounces  when  weighed  in  water, 
and  3  ounces  when  weighed  in  diluted  sulphuric  acid :  required  the  spe- 
cific gravity  of  tlie  acid. 
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Here  the  weights  of  equal  bulks  of  the  two  liquids  arc  2  and  3  ouiicw* 
iL^ixtiivcly. 

Specilic  gravity  of  the  acid  =—    '      -  =  3-  =  li. 

29.  A  faL><e  gold  coin  may  be  dctcctcfl  by  liiiding  it**  spccitic  gra^'ity, 
for  as  pure  gold  bus  a  greuter  specilie  gravity  tlian  any  of  the  nutids, 
such  a>s  silver  or  coiipcr,  with  which  it  may  be  adulterated,  the  counter- 
feit coin  >*-ill  have  u  lf>s  ^pccifie  gravity  than  standard  gold.  TradiN- 
nifc-n  u»c  a  ver}-  fcinq.le  ineihod  for  detcctbig  a  fcd>e  coin.  A  standard 
eai;i  mii^t  have  a  proper  wcigbt,  and  alho  a  certabi  bulk  coiTesiM)ndiiig 
t^D  its  weight ;  now  a  fake  coin,  haviKg  the  pn)pcr  weight,  A\'ill  have  a 
grt^ter  l:ulk  than  a  tnie  one ;  hence  the  trade>nian  eniplf)ys  two  tests 
for  ascertai:iU!g  a  gfxxl  coin  ;  he  first  weighs  it,  and  if  this  is  lound  cor- 
TC-ct,  he  tliv'U  t/ie»  to  jia^b  it  throU'5;h  a  sht  niade  txaitly  lo  tit  the  tluL-k- 
nes8  and  duimetcr  of  a  standard  coin ;  if  the  coin  under  exaniinatiuii 
does  not  pavs  through  this  slit,  he  concludes  that  the  cohi  is  counterleit. 


■    I 

I 


••  1  -^ 

1     ■ 


Specific  Gravity  of  Jhdies  determined  by  the  Hydrometer, 

.30.  These  in*-triimcnts  depend  upon  the  princijile,  that  the  weiuht  of 
a  rt(iati:ig  I/kIv  i •^  e-quid  to  the  wcigbt  of  tlic  riuid  winch  it  dir-plaees. 

yirhoUoiis  IltjtlroitHftci'  Is  so  contrived  as  to  determine  tlie  sixjcilic 
graWty  of  h<»hcls  a-*  well  as  liquicK     In  Fig.  31,  B  is  a 
l;.i]low  liall,  to  which  Is  attached  a  line  wire  s,  supj^orting 
a  di*h  C  for  receiving  weights;  proceeding  from  the  under    i 
fide  of  the  hall  is  the  stirruj)  I),  earning  a  heavy  di>h  F     i 
f  tr  prc"SCT\'iiig   the  stal.'ihty  of  the  instrument  when   it     j 
ti'-ats  and  f«jr  hohUng  any  solid  body  \\h(jse  sjutiitie  grav-    .|   .,^     . 
iiy  Is  to  U'  detenni:if-d.    'Hie  instrument  is  float-,  d  in  pure    \      *"  '^' 
wrjt'.T.  and  a  wight  of  1000  grjiin^  is  put  into  the  di«^h  C  ;    '}         i' 
lii-.w,  the  weight  of  the  in-trnmcnt  is  so  adjusted  that  it    '       1-^  ^ 

•"inks  to  abrjut  the  middle  of  the  line  stem;  and  a  miu-k  s    ^_ ...    .j 

i"  niad'^  at  thl*  jKjint.  Fig*  31. 

.'!1 .   To  determino  the  ppeeitic  gravity  of  a  lifjuid :  — 

riac*'  the  in-tniraent  in  the  li(tuid,  and  jnit  w(  ijhts  into  the  di>h  V, 
ur.til  \\v  m:irk  a  on  the  stem  sinks  to  the  level  of  the  surta'.c  <<f  tbe 
li<Hr'd.  Tlv>e  wriijhts  add'-<l  to  the  weicht  of  thv  in-*ni'nent  ^^il!  l»e 
cqjjal  to  tlie  w^iiiht  of  tlu»  liquid  di.'=<])laeed :  but  tbe  weiglit  of  tbe  in- 
«n:n:ent  add*-*!  to  1000  oz.  is  equal  to  the  wei'jbt  of  an  Qi\\v,\\  bulk  of 
vatiT  ;  tlj.  re:iTe  the  fonner  sum  divided  by  the  latter  will  give  the  spe- 
riti«-  uTiivity  of  the  Uijiiid.  For  exampb?.  I't  tlie  weight  of  the  in-<tru- 
mont  ho  .3000  grains,  tlie  weight  put  on  the  di^h  C  etjual  to  200  grains, 
tbcii  we  have 
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Woif?ht  of  displaml  water  =  3000  -f-  1000  =  4000  ; 

««         "         "         liquid  =  :U)00  +    200  =  3200; 

;J200 
Sjx.'cific   gravity  of  li(]iiid  =  —  —  =  .8. 

.S2.  To  di.'t<.Tniinc  ilvj  ?pocific  j|:r:ivity  of  a  j«'»v/  .-  — 

ria'.'C  the  instrument  in  wat(?r,  and  put  the  solid  in  the  upper  difih  C : 
add  Avi'ii;lits  to  this  dish  until  th-*  mark  s  on  the  sloni  sinks  to  a  level 
with  the  fluid;  then  these  wdiihls,  tiK^idier  with  the  wcij,dit  of  the  '•x»dy, 
must  l»e  etjual  lo  10(>.)  j^riin-^;  thciefme  the  wuijjht  of  the  body  it.>clf 
nni-t  he  cijuid  to  1000  j^ain-i  l-.^s  1  y  tli(?s:'  wcliihts.  For  e-\ampK',  if  G:.'0 
grains  are  alderl  to  the  dihli  V,  th;n  the  Wfij:ht  of  the  body  is  equal  to 
lOOO  i^rains  Ic-s  by  <>00  ;?Tain-,  «ir  100  i,'niiiv«'. 

lii't  the  l.'ody  bj  now  pla -ed  in  the  lower  dish  F,  and,  as  bt'forc,  let 
wel.-.dits  be  plaeed  in  the  iipjior  di-li  nuiil  the  m:u:k  s  ^il.ks  to  a  level 
with  tlie  water;  thvn  ihoe  wiii^lus,  t».i;ethcr  with  the  wnG;ht  or  do^\■n- 
ward  tenddiry  of  the  body  in  the.  jr-.itrr  are  ctjujd  to  1000  prraius ;  thcro- 
f(.-re  the  weii,'}\t  ol  tlie  l.otly  in  wi;t.r  i^  equal  to  lUOO  ijiaius  less  by  ilw 
wci^ht>  ji'ld'.-d  to  the  up}):r  Jii*-h.  iS;:j.|x>m.>  tl^-se  wiivht.  to  make  up 
SOO  i^iain^  ;  th  n  the  wi  iirht  iA'  llie  Ijudy  in  water  is  cquiu  to  1000  giTiuis 
lijss  by  8i»()  i^rains,  dr  lli)t)  iriains. 

Now,  lia>;  .:;  oVt:ii!'cd  the  v.ei;;ht  of  the  lK)dy,  400  prains,  nnd  also 

its  W'i^ht  in  wat.r,  liUO  j^iain^,  the  los--  of  w .iLiht  in  water  will  be  equal 

to  the  dilP.r-'nee  of  tht^e  weiiihts  —  that  l<,  in  this  caw?,  the  loss  of  weight 

in  water  will  Ix?  d^juid  to  400  gridus  lesd  by  200  griuiis,  or  200  grains; 

hence  we  have,  by  Art.  27,  — 

M't.  K)dv.  400 

Speeifie  ^ravitv  of  the  body  =    -  -  , . — ' =     -    .-=  2. 

'  "^         *  ''        wt.  l.'si  1:1  wat-r       200 

L(t  us  taki^  an(tther  exam]>le.     In  iindincj  the  wei^ht  of  the  body, 

KiqiiHis.  that  o  )0  ■-TJains  were  piit  into  the  d:.>h  ;  and  in  linding  the  weight 

of  tlie  body  in  water,  siq)iwt-e  that  400  grains  were  i)Ut  into  the  dLsh; 

then  we  have,  — 

Weijjht  of  the  lx)dy  =  1000  —  300  =  700  ; 

"SVei-lit  of  l)ody  in  water  =  1000  —  400  =  GOO  ; 

AVei^lit  lo>t  in  water  =  700  —  «',00  =  100  ; 

700 
SiKrilie  gravity  of  the  lK)dv=  ; —  =  7. 

li'.i.  Si/cr'x  TT^f/Irotntferf  whirh  is  the  one  tinployed  by  excisoincii,  has  a 
•j'raibiat-d  stni,  and  the  instriniont  is  ahvays  u<>d  in  eoiuieetion  with  a 
iKKik  iiC  tabh"?*.  The  dfjith  lo  which  tlie  stem  sinl;s  is  ol>served,  niid  at 
tli:;  '.'.M:'-  lime  tlie  tli. rmonn'ttr  and  iKiionntrr  are  aL-ii  noted;  these 
ipiiiibi  r-  l\iiiu:  sought  out  in  tlu-  tabk-s,  the  eonx^jiunding  speeitiu  grav- 
ity '.^  i<.  Olid  in  it"  j)n)iRT  eohinui. 

The  hydrometer  L*  ehiedy  u.sed  for  useertaiiiing  the  adidtcration  of 
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«T.iriTs.  Th'^  »;t7^iTi;:t.-^t  si)Jrit>,  or  tli'jsv  which  c-mt^jTi  the  ln.'.rt.-t  <;u.':ntirv- 
*il  ill:  •JL'iK  bavi-  th«j  I'.a  t  ^p.  vi;ic  iir;i\ity,  ;t:;d  ciiM^vmunrly  ih.*  l;\Jrn  ..- 
kIvt  >iiik!^  in  th;.ni  to  llic  j^iL;*t».st  d'.  jtli.  'ih:;  j«pt.Li."K'  li^raviiy  «'!'  p.-  l- 
ai».olyii  Ls  nearly  ^iy  or  ,8,  and  that  oi  jnttoj  -v/Z/vAs,  \vhich  is  a  miximo 
Ll  K^^a'A  ports  of  uleuhol  and  water,  is  aliout  -i^,j  or  .',).  ►Siiirit-.  are  said 
to  \-i:  cfjijre  proof  or  umhi'  proof y  according  as  they  contain  a  larger  or 
smoUcT  pru][Xirtiuu  of  ulcohul. 

Flondiiff  Botlles, 

3t.   It  has  :drcady  bc-tn  cxulainul  that,  when  a  lx)dy  floats  in  a  fluid, 
the  wfight  of  tlic  lluid  di^jlai-nl  l*  always  t-ciujd  to  the  weight  of  the 
Ltxly.      I^-t  A  BCD  (Fig.  o'l)  le  a  i-inre  of 
Wood  lioalini;  in  water  ;  then  tliL  wti^iht  of  the 


Tl 
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"wattr  dL'^plnccd,  viz.,  E  P  CD,  h^  ctjual  to  the     "^  p.   " 

■wbiile  Weight  of  fJie  wood.     The  uj)Wfud  pres- 

fc-TiTL'  on  the  bottom  D  C  L>  the  s«aine  jus  that  w  hich 

"Would  .-upijort  u  jMjrtion  of  lluid  cqurd  in  bulk  to 

tbe  rli.-!j:luecd  fluid  E  F  C  D  ;  and  a«?  the  down-  Fiff.  32. 

wiiid  prc«ure  of  the  Ixxly  in  ((ii:al  to  the  uj)\vard 

pr>'iire  of  the  fljid,  it  follows  ihat  the  weight  of  the  body  is  ecjiial  to 

th-  woijjht  of  the  iliiid  dl-i.lau.d. 

HnMC  it  Ls  ihrit  irr.n  vrs  <!>  llrat  in  wr-tir:  f.-r  w^  thcv  ar?  iiiade  hcl- 
loTT,  it  L-  ef.sy  tn  sc-e  th  it  t1  •  d'>i.lavLil  war^r  niu-t  be  much  heavi'jr  than 
th.  wh'-lv  wciuKt  cif  th^'  njijtal. 

3-j.    In  ordi  r  that  a  ^*\\w  inav  f!(K!t  with  stalilitv.  it  is  r-'niite  that  . 
if-  i"  ntr-;  <'f  LTaviry  .-Ii-./i.'.f.i  U  • ;.-:«  v.-  as  i-i/    i!  \,     r*Y  'Ir:.  Ki.-i  .   biiilii-t 
L^  IdM  in  tli:'!--.!!'  n'-  i-l'  ^^■.:y^':  iii-d.  in  HI-.-;  7.■^l:l■^r,  '.•.'•■.•>  a  l.i.iiv  i>  in 
d.i:jj"r  of  U.i:;g  eve::;::.  '  .1  '  y  tL.- vio':.- kv  »  f  irn-  \-. !.'!.  •:■  tl..  n>i:i..ii 


\ 


o:*  ih.  V. av  >.  it  t.-iu^-  to  h.-  ■  ii  t].e  <]:i:!'.,:r  '.."Ilm  ii. 
th-.-::j-'-lvt>-  rl.it  at  11.-  !«rt(.ni  nf  t).'-  \n-A.  A  )  =1 'y  ..;  '  .  ■■i  :  v..  i  :i 
itll-i;:-  »J!'-.n  It- i:;-  a: .-:  :  Kil'ive;  th':>  a  ;-Vi-.k  i:;<i!-  \\'.:]:  i:  ••  :<:;  -t 
s-T-.MlJ-y  w).  ::  it  i-  i:l;.. /  1  i!-.t  ipr  :i  tl.c  v:"V  r,  iind  it  •  j/.  iu-^ii  i.- 1;:  -fi'  1" 
w"„  1  i*  1-  T.i.id'"  lo  )l-fal  I  •!:;  .vi  < .  A  !  (»ly  will  oiily  ji.iii.i'.;i  at  n  -t  i.i  a 
11  .M  vl.!  u  tl.--  !-.f-n!r{--  <  f  •^i.\,'*y  cf  ih.*  v.huli^  lody  a::il  ihat  of  tlie  ili^- 
T "  .  -1  H:i'.l  i.n-  in  ih-'  ■>.'.!•..''  v-  'li'.ai  lii.e  :  lor  if  the  lioflv  i-  ^h!tli-d  fr<>m 
t:  ■  •■--itiijn,  th  •  n].v.;;i;!  ",  i  ^iirett:  llii-  wat'T,  a."=.  \\\\\  u-  the  d-.'Wiiwaid 
]..  '-.r.^  L:f  '^f  ■  '■  ly,  f-  !ui  t'l  l.rlug  it  to  its  original  lKJ.^ililJn.  In  Tig.  :j;}, 
N..  1,  (■  r.-^.:-  >♦  iit-^  the  c;  i;:re 


«•■  -Tivi-v  »jf  thi-  l^v'ly,  ar.d  H 
tj..l  "\  li.i^  f'uid  di>iila(j'd, 
^s  l;:.i.  t '  :;;:d  Ii  aix'  in  the  same 
V. ;-: :  . I ]  !  1 1 1  v.  rs « >w,  wl len  the 
L.  .y  i".  .-"lii'/tcd  from  this  iKiai- 
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tion,  as  in  No.  2,  tlic  gravity  of  the  body,  us  well  as  the  buoyancy  of 
the  duid,  tends  to  brinj;  ihu  iwdy  to  its  iii>.t  iKfeitiou. 

Additional  Facts. 

A  stone  which  on  land  requires  the  strength  of  two  men  to  lift 
it  may  be  lifted  in  water  by  one  man.  A  bt)y  will  often  wonder 
why  he  can  lilt  a  certain  sione  to  the  surface  of  the  water,  but  no 
funht-r. 

A\hen  a  pcTSon  lies  in  a  bath,  the  limbs  are  so  nearly  supportc<l  by 
tho  water  as  to  r«iuire  stju-ccly  any  exertion  on  the  jwit  of  the  indi- 
vid'Kil. 

'I'he  human  l)ody,  with  the  chest  full  of  air,  naturallv  floats  with  a 
bulk  of  aU.ut  huh*  the  head  aV.ovc  the  water,  'lliat  a  iKn.<jn  in  water, 
th(!refure,  may  live  and  breathe,  it  is  only  nccttji?ary  to  keq)  the  i'nce  uj)- 
IX'rmost. 

The  L-ommon  contiivarces  ciillod  life  prvsvrx'rnt^  for  prc^'enting  dn)\A-n- 
in^.  ari*  strings  of  eoiks  p-it  rt)und  the  chest  or  neck,  or  air-tight  l.ajss 
iTitl:.i:i.d,  and  applied  nr.iml  the  upper  part  of  the  l.otly. 

Fi-ht^  can  cliaii^'e  lln.ir  si;ecilic  gravity  by  dimini.shir.g  or  incrtrasinjj 
the  Ay.f\  of  a  httle  air  l>acc  e<iiitaiiied  in  their  Ixxhes. 

A  ybip  draws  liss  water,  or  sails  lit^hter,  by  one  lliirty-fifth,  in  tl»e 
heavy  salt  water  of  the  sea  thLin  in  the  fn^h  water  of  a  river ;  and,  for 
the  same  rciison,  swinnninpj  in  sea  watiT  L^  easier  than  in  a  jwnd  or  river. 

Many  kinds  of  wood  that  float  in  water  will  shik  in  oil. 

A  man  floats  on  mercury  as  the  lij^hta^  cork  float!*  on  water. 

(.'ream  rises  in  milk,  and  fonas  a  covering  to  it. 

11  le  equilibrium  of  iloatinj?  Unlics  Is  a  subject  of  ^jreat  practical  im- 
portance, Imt  it  would  reciuirc  a  knowledge  <jf  mathematics  to  enter 
iipttn  it  more  fully. 


L) 


r% 


Capillary  Attraction. 

.30.  "When  the  extremity'  of  a  gla^^s  tuln?  having  a  very  small  bore  is 
pluni;ed  into  wat^r.  the  fluid  is  found  to  rise  in  the 
tube.    This  exception  to  tlie  law  of  level  of  the  surface 
of  a  fluid  is  said  to  take  ]ilnee  in  couse<juencc  of  the 
attraction  of  the  iiit-  rior  suHime  of  the  tu]>e  uj^on  the 
wat(  r ;  and  it  is  onlkd  r.rpi/'ar'/  attraction,  for  it  takes 
])b'uv  in  i'nj,/7/iir'/  inl^rs,  or  lulics   havinpf  a  hair-like     -    1 
b>re.     Tlie  adhcsii«i  of  the  water  to  the  sides  of  the        ^ 
tul)e  is  shown  by  ibr  concave  fonn  of  the  surface  of  the  Fig,  34. 

water  in  the  tulx; ;  hence  it  iA  always  essential  to  the 
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Fig,  36. 


cffi  ct  that  th'.'  tulw  should  Ix?  susccptUk'  of  lKiii«^  tret- 
U'K  f->r  wheii  thi?  tulKr  is  soiled  with  any  oily  Mib- 
ftaiiLL-**  ihi-  wutcT  bci-onics  dcTiRsscd  in  ccni^otiiienci'  of 
th-,-  n  jmi.-ion  which  the  oil  has  fttr  watir.  If  the  ca})- 
ill:in-  tulx;  Ik'  iinineiscd  hi  mercury,  tlicn  the  mercury 
IciiHUiS  deprcs!«.il  in  the  tul<»,  in  ctinscHpicnce  of  the 
rcj^ulrton  whith  Ihc  suificc  of  the  glas ,  lia-  for  the 
mcreurv. 

37.  The  height  to  which  water  rises'  in  the*c  tulx*  i^*  in  proportion  to 
the  nnallncfv  of  their  diameters;  thus  in  two  tubes,  one  of  which  is 
douUf^  the  diameter  of  the  other,  the  fluid  will  riw;  ti>  double  the  hei::ht 
in  the  small  tulx?  that  it  will  do  in  th(!  other.  This  law  is  beautifully 
i:l-!«tr.ittfl  by  the  followimj  expcTimcnt  (Fig. 
.*;  • ' :  'I'.ik.'  t^'o  platis  of  •jhis*-',  k  'Vt  i  i  cmitact 
at  one  exireiuity  and  a  little  apart  at  the 
fiiht.:- ;  iniaicr^e  them  in  watca-,  as  »•ho^\^l  in 
the  a;ifire:  the  wat-iT  rises  bit'A^Tn  the  plates 
furmiii^  a  curved  line  called  the  hyperbola. 
It  will  be  observed  that  the  height  of  the 
wut'.T  at  any  part  is  greater  according  as  the 
di-:anvo  l.'C-tweeu  the  plates  at  that  part  is  le^s. 

ys.  If  two  balls  of  w.x>d,  (Fig.  37, )  each  of  which  Is  capable  of  be- 
ct»:uiii2  trtit'efF,  be  plac(?d  upon  Avater,  their 
wd  -^  w  ill  draw  up  the  water ;  and  it  thoy  ju-c 
bT'U^ht  nc-jir  on^.-  another,  w  that  the  ekva- 
lh}::<  of  tl;e  ft'.ii  1  miv  i:iterf.n», the  balls  w"ll 
ajniroa  )i  one  another — that  is,  they  will  ap- 
jyi^T  to  fittrict  one  another.    In  the  same  way 

iiTil.  i.iaLiui;  b.' lies  are  attracted  to  tlie  sides  of  the  wood.  If  one  of 
t!  ■  \:iU  ■<;  s-.'.l.'l  nith  oil,  j Fi";.  :j.S.)  th-  fluid  about  that  ball  will  bo 
di-^r.  — «l:  and  if  they  are  l-rou'^ht  n^-nr  oihj 
a:.-.:lur,  a^  in  the  l;i>t  ca^*,  they  will  r<pel  one 
a::- 'till  r.  'ITit^^e  faet»*  deixnd  upon  th(?  princi- 
pl  •  -if  capillar}*  attraction  and  r.iJuUion.  On 
the 'ia.'i.c  principle  a  ireat  maiiv  jhenomena 
in  nature  may  1)C  exphiined.     For  example?, 

tlj'  :.i'  !:■  d  tiUi(»w  of  a  candle  ris<.^  hi  the  wiek  ;  and  w.ater  rist^  thrf)u;:h 
th'.'  tin-   pire-  of  sui.'ar. 

;/"'.  T.ik;-  an  ordi:uu-y  sized  irlas*'  tubr».  nvA  t!e  a  pi  ••('.  of  tl.::i  Mad'ler, 
or  .'i!iy  ririr;  membranous  sub-tanc'\  over  one  end;  into  this  t'llic  ]«  '  r 
Viii;i'  :h!-k  "imp  of  sugar  and  water;  immerse  the  tuln.'  in  water;  tlv  m 
ui  the  OAiKC  of  a  few  hoius  the  fluid  in  the  tube  will  have  l'i^en  to  the 

8* 


Fig.  37. 
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licight  of  scvtTul  inches  above  the  le\'cl  of  the  watcT  in  the  vewcL    Here 

it  ai)i*ais  tliiit  the  ihimicr  tiuul,  the  ^\atu^,  paMica  more  rapidly  through 

the  iK»ros  of  iho  lilucldcr  into  tlie  tube  tliiui  the  thicker  ^^ 

lluicl,  ihe  >uui>,  pjissw*  out  of  it.    lliis  remarkable  phciioiii-  | Jf 

ciioii  is  called  KitdoainMo  aiid  Exustnose,  the  former  term 

iiKiuiiitg  /<>  /t'//r^  inuuira's,  the  latter  ^*  ^*,/*:i  ouficurds.     In 

the  foregoing  exijorimeiit  tlie  water  piisses  through  *the 

porc-s  of  tlie  bladder  into  the  tube  by  eiido.smosc,  and  the 

thiektr  fluid  passc-s  out  of  the  tube  by  exosmo^c.     On 

thl*«  priiicii)Ie  a  gi-eat  many  iui|X)rtaiit  phenomena  of  nature 

may  be  exjjlained.  /?,y.  30. 


■ri. 


HYDRAULICS. 

40.  Ilavms  explained  the  L-ndini?  phenomena  resulting  fmm  the 
pressiuT  and  weight  of  lluids  in  a  state  of  rest,  we  now  come  to  treat  of 
the  motion  of  fluidn. 


r 


■i.;yy 


Velocity  with  whlrh  Wtitcr  spoilt 8  out  of  a  Vessel, 

•11.  "NVhfn  a  holo  is  made  in  a  vo«->"l  fllle<l  with  water,  the  fluid  Kpmits 
out  in  a  jet  with  i,TeatCT  or  l-^s  velority  aci'ording  to  the  depth  of  the 
hoi'  Iclow  the  surface  of  wati.T.  Tlie  Ibllfwiuf?  simple  hiw  obtains  in 
r<.  M-.ii.vC  to  llu'  t.'lH-.ix  of  the  a-. ;;ti  r,  Mii)iosing  that  it  undcnvcTit  no  rcsirt* 
an  I  0  fri)m  frii  tio^i  or  cjiher  cini^es.  'Hie  vilocity  of  a  jet  B  or  C  (Fig. 
4'M  ]r"ee-  din;:;  vcrlivallv  f:i  :-i  a  vr-  s«l  is  s:i.  li  as 
til  caii'^o  tlM<  wat- T  In  ri-e  u])  to  tlu-  !'.vcl  of  the 
v.'i!  r  ["■*  :h«.'  v<.v  '1,  a-*,  fliov.p.  i'l  tlv  ar.7:oxcd  cut. 
']']'•  .-'vin-i  \n  aii?^!.'  from  tlu'  jsrimiple  tliat  water 
al-.v.-i;-  v;..  \i^  its  li  v"l,  lor  tl;'-  j:t  ti  r.d*?  to  rise  to 
t].i  lev  1  A  1)  of  tl:.'  v/ati  r  in  tl-.v  vv>r--l.  Now, 
if  tlie  vei'!.  ity  wlch  \\}»i  h  the  llnid  is^-u'.-s  from 
th  •  ai- '-r  -re   B  \e  «"(h   m   to   ciirrv  the  fluid 

J  ■ 

tlir.iuirh  tl..'  ]K'r])rv.di«-i:liir  hi'i'.dit  U  A  in  (>])])Ord- 
tit'U  to  jiiaWty,  it  f«'llows  tb.at  thi'^  velo<-ity  is  ctpial  to  that  which  a 
K  dy  wmdd  a  'owire  in  fiilH".^^  freely  lhn)n;;h  this  sjmec?.  Hence  we  con- 
el".:do  that  '/  ^/'."/.•'  i^stfcs  frcn  a,i  ajtn'hirc  irif/i  n  n/.Wy  rqunl  tn  that 
irhh'h  n.  1)  .r .j  ic  .nKl  ,},',i.\\\'  i,i  /',.."',;/  tit.  'V  ?Ii  a  spavr  rfjmtl  t4i  tka 
dtitfh  <f  th-  .'.''.  .'.'.v   /'.  h>>r  thr  .f'f.'f'-t'Y  of  th      /■'//>/;   thus,  if  A  11  is    16 

*  »  ■  •  •  • 

ft  ct.  t  hi' v.  If  city  of  rh^  jet  m  ill  br  :'.2  fi  ■  t  ]»«r  si-.-ond;  for  this  is  the 
velocity  which  a  l.(.:dy  aniuiies  in  falling  thixmgh  tlie  sjiaco  of  IG  feet. 


Fig.  40. 
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42.  I:i  V\Ji.  11  Uio  ;qKTtur(  i**  made  iii  the  l".i)tti)ni  (if 
tl:f  V'.ft.-«i;  iii.il  the  lliL-ijRtU-ul  Viioi-ity  ^^ilh  wliiih  lh«j 
\\ulLr  L— utTi  ks  a^  ui  tiiu  i»uvL-iliiiy  ca&o,  it|uul  Id  thr  vo- 
1' city  wiLiLh  thu  Huid  would  ucijuire  iii  lldliug  Ircvly 
tlo'Au  irma  m  n  tii  hv, 

Nuw,  it  L**  ^hu\vn  iii  iuct,huiiic'.s  that   the  volixity  ac- 
qiiiifd  by  a  lalliaj^  bvxly  l-s  aa*  liic  s«iuaru  rw)t  of  the  i 
frpaiLv  tliruuyh  wluL.h  ittall>;  tht.rdorc  ^/««  vv^tKuty  with 
trhl:h  icit'i'  s;nutH  nut  at  a/tj  ojttrtKrc  hi  a  ccsscl  in  tia 
t/it  *-juajv  J'lyii  nf  ihv  tU^-th  oj  the  ajhi'turc  h'-bnr  thv  !<ur- 
/lux  'J  'h.    >'-ntf,\     It    :n-i-t,  howrvir,  liC  ol.«»(TY{d   that 
til- re  iin;  di.-Uruiit  nl-irui.-litMi- wlilvh  ;»'iid  to  inddity  this  niL'  in  j>ra:  :!fe. 
Whfu  \vat^r  io  fo::Vi'Vod  fnnii  a  ci^t'.ni  to  aiiv  loii^uU-rahle  di'laiu**  in 
p.  *.-,  u->>hov.  n  in  ihr  a"ii.c.\i.tl   cut, 
(  1'Il'.  1-.:  tl.L-   Iiii.liui;!  »  f  till*  ^^aHT, 
a^  it  ni»»vis  in  the  j-il)-,  t«  ^^.tlnrwiili 
thf   nI.'«t:ufTion>    iTt-   :t:d    hy    the 
lxr;din:^,  *:i;.,   t(i:(U  very  nnich  to 
r  'artl  the  motion  of  tlu'  iluid.     By 
the  t]KtjrLti«.'ul  rul«.'  alj«»vi-  yivni,  the 

V'/ni-itviif  di-.'hariTL' WDuIi.i  In.'  due  to  the  vf  rt'c:.l  dtnlh  A  B  throu'^h 
wiii.  h  the  vuti-r  fall-.;  Int.  \.w\wj.  to  the  re-i»tani-.-^  ;ii>t  lues-.tioi.i  il,  tlils 
t  \'  ly  jar  lr«.;n  hi.i«  ■^'  ].."  i  t".  .illy  true ;  ii'.  Mieh  'a-'-s  tlie  ci.jjrinirr  mu>t 
havf  i\.:.M\r-'-  t'»  -i-.M' •!..»■  ;i::!i   l  riv..<l  iVoiu  t  x])erim"i'.t. 

It  i.-  :i  i-iritii.-  fa- t  t'.i.it  more  watiT  i>-i:i-  fniTii  a  vo-i  I  throii-h 
a  s'-iirl  I^J^■  iiian  lliii.:uh  a  vnit'le  aj.<  rtiiri'  of  the  >anip  (raiinT-r  a<  the 
[ii.  :  a::d  -till  nn.re,  it  thv  jipe  h-  fnm:el->h:i])'  1,  or  \\'u\-t  t«'uan!>  its 
x;i!..r  i\lf  n»:ty.  'I'lie  «  \;.l.«.;arinn  i<,  ll.:it  l^.  ■  ;  -.ir:'.:  jiarti'  U-,  eoinii;: 
liwni  all  ^i^u.■^  ti>  I-,  are.  cr*'-'  a:.d  ini].'  d  » a-.':  «i'.]i  i  in  v.i  hiiLj  thuiiuh 
a  >imi:lj  »'iit:jiii-%  w!n.r.a<  the  tu'  ",  \  ad''  -j:  th--  ^^:lJl•r  '  y  a  '.w  -r.-  \iy\A~ 
Mu\  ineliiiation  t'-war-U  the  i»uint  of  exit,  e«m>id'.ial  ly  ireviKl^  tli"  en  n— 
Ui^  aiiioi;^  the  partieli^i. 


/Vy.  12. 
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To  ntniUtto  the   ^"pi^hf  *>/   Wtif*  r. 
\'^,    "Whrii  \i!it«  r  i«i  n.nvv'd  l-v  pi'i-s  tii  civtcrns,  it  is  nfc»'*--arv  t^   :* 
Ti"  MHiiv  w.-iter  ^h'»•.iM  tlow  int-t  t-ii*  j.i>t- r:i  Inan   i-;  r- (piired.      Tl.i-  a-!- 
j;:«ti!.'.nt    l<  iiiV-»l<.  d  '  v  a  ^'r.wA     aid   i!r^enii>nri  euulrivaneo  called  the 
/'  '" .-  "i.     Fij.  -I),  1*  nor  -I:'.-  a  rip-' 
c  -.vi.v;-  'j^  wjiTt  r  t"!  f'  I-  1 1-l'ni  A  ;   li  is 
:-.'.    W  ■-.  y  M  .  r  !!i.'-r.  .iiild  th-  :!'':it, 
V  !  :  '.  ',  I  ii'iM-ittd  wi;h  a  r«»'  k  < ',  <ipen- 
inj  ••'.  .  i  ■■l'»«ir.i;  th'-  jii;«-  \.\  >n\\\  a  nuin- 
ler  iliai  whciL  the  lloat  1*%  rai7v<.d  the  eoek 
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stools  the  i)a*agc  of  the  ivatiT,  and,  on  the  contrary,  when  the  float  is 
deprcfecjctl,  the  cook  iillows  ihc  \>altT  to  ilov\'  thn)ugh  it.  Now,  wliuu 
there  is  a  (iciicieucy  of  watur  in  the  cL«teni,  the  cock  0  is  ojxni  and  a 
fresli  sui)ply  Is  allcjwi^l  to  nin  in;  but  as  the  water  rises,  the  llv>at  H  by 
itH  Inioyanoy  also  rises,  and  at  h-ngth  turns  the  cock  bo  a^  to  stop  the 
supply  of  watcT ;  a^aiu,  when  water  is  taken  out  of  the  cistern,  the  fli>at 
falls  with  the  water,  aud  at  length  o|x'ils  the  cock,  whicli  acbnits  a  fi'esh 
supply  of  water ;  and  so  on. 

Springs  and  Artnian    IVells, 

44.  Si)rin«^  are  formed  by  the  min  and  moisture  wliich  fall  upon 
hills  and  ni'miitains.  The  u])pcT  crust  of  numntaini^  w  iLsually  compi>s(>il 
of  loose,  jMirous  layci-s  of  Mibstancs  which  allow  water  to  pafts  through 
them,  and  al«*o  of  lay<rs  of  clay  and  solid  bubstaiiees  which  are  ini^KT- 
vious  to  wat'T.     Ij<t  the  accompanying 

cut  (Fig.  44)   roim-M-nt  the  section  of  a  y;  ■  -^^^d 

inomitain  <»r  hill,  where  A  Ls  composed  of 
loose  or  lymms  sulMancts,  r  a  lavcr  of  clav 
or  some  Mib-'tance  which  stoiis  the  dcs^M.-nt      ?-^r^'^-J:i   '.*^/l.- 
of  the  wat(!r :  then  the  water  which  filters     W"!   f  •.•■...  /'iT" .' " 
through  A  will   run  along  the  top  of  c      ''^^nf.^^'---' 
until  il  i^  d:<cliarg'.«d  at  F  in  t'le  form  of  F^U'  ^'^« 

a  natural  "]viiig  or  fountain  ;   IJ  is  com- 

jK»»i-.l  111  l«)i.-«'  or  i.<'rous  si>U<ianct.s;  I)  i-ome  substance  which  FtopR  the 
dcsL-ent  of  tlu-'water;  ir  i.-  a:i  arle-iau  wdl,  or  witical  hole,  which  has 
Iki-u  lH)reti  ))y  winkmcu  and  lUvl;'.!  pij^.'*^  put  down  it;  now,  the  rain 
water,  toLf  tli  r  with  th.^  vriiiT  v.  lii.h  ari^'Cs  fn)m  ni'.lting  snow  and  ice, 
Biiik^  tlnuVijU  U  and  il')\\>  j-lin^ic  tli-.*  f nilace  of  I)  i.ntil  it  finds  a  vent 
uj)  the  \>\\w<-  furMiir.ii  ih'.'  ar;:.^iau  well  "•.  J.tt  us  furtluT  suppose  tluit  6 
i^  a  rent  or  li.-i'-nre  '\\\  which  water  is  c» illect<.-<l ;  thon  the  height  to  which 
thi'  water  will  li-e  in  tlu*  well  /■'  will  be  oil  the  simie  level  with  tiie  water 
in  tliL-  fountain  h. 

m 

(\tmih  and  Lacks. 

\n.  C'a'ial'*  are  aitili<  ial  stnani'*  of  water,  upon  which  iTarjres  nre 
fliati-tl  fiT  ih"  puqK)<=e  of  convtning  hea\'y  goods  from  one  place  to 
ar.Jilhi  r.  Tlie  wat(T  in  canal ■;  is  u^nally  ol  tauud  fn)m  springs  or  from 
some  nciu'b  :-i:.nir  liver.  In  nrdcr  tlat  the  barucs  may  sail  with  equnl 
c-i!>e  in  Uf  -I  (i.re.iinijs  (.f  tl-.*  i  anal.  It  U  n«,iii.  Lie  tl;ut  the  surface  t»f  the 
water  sho'iM  In  1  v:l:  t«>  ac  <ini|.li-li  ihi^.  tlie  canal  ;>  ■Minn  times  earned 
over  vallcy^  by  Tii.^a:>  of  bridi'cs  and  emlMmkment>=,  and  sometimes  it  is 
c\'en  nuide  to  pa.>s  through  hills  by  means  of  tuimels;  but  the  most 
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ctimniuii  contrivauce  for  maintaining  the  level  of  burlacc  Ls  that  of  locks 
or  tiou(^;ates.      Fig.  4j    repre- 

&eQts  a  M.%.'tion  of  a  lock,  made      -rrr?     "       HxV  c 

at  a  place  where  there  is  a  sud- 
den Ml  of  the  ground  along 
which  the  canal  has  to  jas&i 

A  B  and  C  D  are  the  two  gates  

which  completely  intercept  the  Fuj,  45. 

course  of  the  water,  but  at  the 

same  time  admit  of  being  oixncd  and  closed;  A  II  is  the  level  of  the 
water  in  that  part  of  the  canal  lying  uliove  the  gate  A  B,  and  F  (J  the 
level  lying  below  the  gate  C  D ;  now,  when  a  barj^e  is  about  to  paj«"j 
from  A  11  to  F  G,  a  tide  sluice,  not  hhown  in  the  hgure,  Is  fiivt  ojxjned, 
which  alli>wH  the  water  to  flow  from  A  H  into  the  spjK-e  A  E  F  C  be- 
twc*^  the  "jatcs  until  it  attains  the  common  level  II  A  (';  the  jiate  A  11 
id  then  oivcncd,  imd  the  barge  floats  into  tlic  sjuiee  UtAveen  the  gates; 
the  gate  A  li  is  now  closed,  and  a  side  slui'C  i<  op:ii(  d,  which  allows  Ihc 
water  to  flow  frr^m  the  sjwce  A  E  F  C  until  it  eoincri  to  the  eonnnon  level 
E  FG  ;  the  gate  C  I)  is  then  opened,  and  tl.e  1  ar;;e  floats  out  of  the 
lucks  along  the  canal.  It  is  easy  to  see,  by  rev..i-siii«  the  steps  of  tins 
procLaw,  that  the  barge  may  be  floated  in  the  eoiilriuy  direction.  A 
hriTW?,  moving  along  the  side  of  the  canid,  is  usually  employed  to  pull 
the  barge  through  the  watcT. 


HYDRAULIC    MACniNES. 


Water  Wheels,  Sfc. 


4'>.  Fig.  46  represents  an 
vwUnhot  wheel,  turning  on 
thv  axle  A ;  M  N  is  a  cur- 
rtnt  of  water,  wliich,  striking 
ai:.iin.-l  Xhxijioat  boards,  causw 
tbr.  wheel  to  revolve  on  its 
axl  A  ;  on  this  jixle  i«  tixed 
t:.  t  -fit hod  whcvl  which  diivcs 
t';-    r.:a?bi:i'-r\*. 

I:-.  I*oncclct*f«  undershot 
w}:iK-l  the  float  boards  are 
c  n-.  d  lowiinls  the  tUroction 
r-!  iLtf^current,  po  that  the 
wuXiT  roUtt  up  their  surface, 


Fig.  46. 


ND    KXPP.RIH^TAL 


miLOSoruT. 


u-hct,  ll 


'  niirr.i+nts  i 


E  F  is  «  miTuii  oj-  wut-r  Ik™-- 
iiig  uviT  llic  lip  of  the  wheel 
iiito  IliB  liuekfis  c  It,  til:,  fiscd 
uiwii  till'  rim  of  Oic  wheel ;  the 
gravity  of  the  wiiter  in  these 
biiiktlfl  caiisia  the  rilihl  Iiiuid 
Biiic  A  li  C  of  the  wiiiel  to  he 
hiiivkT  thuu  tlie  olluT  Mile, 
where  the  liuekttii  uiv  cn;jily, 
hciiig  all  turned  u^Mile  down; 
luiiee  the  wlietl  nvolvea  in  tliv 


Fig.  47. 


lUrfeliiin  A  H  C.  Let  c  m  and  li  n  he  jicipendictilimi  lot  fall  from  tha 
cnilti-s  I  J"  {:rinity  uf  the  watiT  in  the  two  buekfltfi  c  and  il  rc^iieetiTelY  i 
then  (»  III  ii-ill  \f:  tlif  leveruj,-<^  of  the  wutit  in  the  Ijucket  c,  and  0  n 
that  uf  thu  hiiekct  <i ;  the  luuket  It,  in  the  hmi/untal  line  O  li,  wUl 
huvi'  tlic>  greaif-'t  levenige,  and  ennxiiniiitly  will  net  with  the  ^-attut 
effiulntcy  in  nun-ing  llie  whiH-l.  An  tho  liui-k<>tii  dcwcnd  livlow  I),  they 
not  only  ncl  with  a  deeiru-luj;  U-vwiigt,  hut  the  wutcr  whieh  they  cwi- 
tniii  i*  continually  flowiiii;  out  of  thiui  until  tliey  arrive  at  C,  when  they 
beeoine  uuniil'tily  itnjily, 

/i„dYr-s  Mill. 


.    ThU  r 


a 


(itTtiir.iiiiu'.Hi  av,.rtiiid  iixii-;  A  B  is  ^~  , .  ~  ~    ~ 

n    horijfl.:itul   ivlini!  r   .■oni:i.uiii.:HiHa  Tl  '  U  ^^^-^ 

iu(..ri,:.lly  with  lh-|..niiir;  at  the  vx-        |  |  V      >g'  | 

tv  mi:!e«  «[  ()e>  hm/..ii[al  evliiidir  two         l|  i  I 
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C  II,  "with  it.«  h(>riz»'iiit«l  T»ra::ih  A  IJ.  to  U.'  il'l. il  with  wnur;  then  tlic 
pros-mv  of  lltiv  'ol-Jiiiii  ol  iiuU  ^\  Jl  la-i  «;  fm*  Avalcr  tD  \-c  pi oj-.vt ccl  in 
]tt-  fmiu  llic  *iriliciis  A  and  IJ  in  ojiiM)<ite  (liititious  ;  th- n  tlu^  nri.il  or 
rctU'iio'.i  of  th;'SO  jets  upon  the  e:ttr»?niitiLS  of  A  and  13  givtis  a  nuatury 
motif  A  to  tho  whole  iusu-}iiiic  upon  tlic  vcitxcul  a\L^. 

Or,  to  take  another  view  of  the  prin,.ii>l'j  oi  action  in  this  maoli'.ne : 
if  the  orifices  at  A  and  1$  were  clo>iil.  thu  (oljinui  of  fluid  in  the  viriii-al 
tutu?  C  Ii  would  press  t-qiially  on  l;oth  sidt.^^  of  the  liomontal  tu'-x.-  A  i» ; 
but  -when  the  oriJices  A  and  B  arc  o]KUod,  the  pn-.suro  on  ilie.  e  part:.  Ls 
ivlca.«uL  wliilo  the  pressure  ujwn  the  sidis  opposite  to  them  rcaiidiiJ^  the 
f-SLsao :  heiiec  the  tuhe  A  B  revolve  in  the  dircitinn  t»f  Xht  ^ri.atCT 
prcsiture —  that  is,  iu  a  direction  contrary  to  that  of  the  jcls  of  wuIli. 


77ie  Archimcdaui  Screw, 

48.  This  simple  and  heai.tind  contrivance  for  rui-inj?  water  was  in- 
vented hy  the  great  Arolnmedw.  It  ^ilQply  eonhistij  oi  a  i)i2)e  wound, 
in  a  spiral  fonn,  alxmt  a  kjIuI  cyl- 
inder A  B,  which  is  made  to  revolve 
on  it-*  axU  hy  nuans  of  ihe  wimh 
H.  'Ill I?  lowtT  oritice  a  of  the 
spirul  rube  fliiis  into  the  water  to 
be  r.d.-<-l,  arid  it  w  dwhar^ed  at 
the  upptT  orLiice.  As  tlie  cylindor 
i«  tumctl  round,  the  water,  which 
entf  rs  the  oriJice  a  at  each  rc\'olu-  /^    "v^j 

ti  ■■n,  runs  do\ni  a  s'.iirs  of  incUu'.d  ^  v  ^-  O  "■• 
planes,  until  it  flows  out  at  the  j.  '  ' 
upper  orijire.  In  ordfr  to  illit^trare  '  '.- 
thli-  ai-tion,  lot  a  marble  Ix?  put  into 
the  pijw  at  <?,  then  as  the  cylinder 
ifc  turned  round,  the  marlle  w\\\  continue  to  roll  down  a  Micc«ssion  of 
inclinM  planes  (formed  at  each  revolution  of  the  cyhnder)  until  it  is 
dLKrliarjcd  at  the  upjKT  oritice. 


F/7.  10. 


Exr,ncrsr:s  ox  IlYnno^^TATirs  AN-r>  TIymiiatt [rs. 

1.  In  ^^.  f).  Art.  11,  MipjTOhC  tlu*  larjji^  \\\<im  I*  to  conta'!i  -0  !-.;'ianr 
iznh'N.  and  the  »Jmall  one,  p,  2  square  iiwli-^;  wV.ni  iii)w:i:(!  ]:r.  v-^!^• 
'»^ll  Ih' jiroducc.l  ujion  the  lar;,'e  piston  hy  a  dow.-.Wiird  pii>sure  of  It 
Ib6.  ex.crti.-d  upuu  tlie  small  one  ? 
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Pressme  on  2  in.  of  the  piston  =  14  lbs. : 

«»  1  in.  •»        =  1^  =  7  lbs. ; 

««  40  in.  «•         =  iO  X  7  =  280  lbs. 

2.  Required  the  same  its  in  the  last  example,  when  the  surface  of  the 
Inri^o  piston  is  25  inches,  that  of  the  Bmull  one  3  indies,  and  the  pressure 
a})pliod  to  it  30  lU.  Aits.  250  11)6. 

3.  In  Fig.  11,  Art.  13,  let  the  area  of  the  baw  1>  C  eontain  4  square 
feet,  and  let  the  dq)th  of  the  water  G  C  be  5  feet  :  rotiuirc-d  the  jircHsurc 
on  the  bjttnin  of  the  vessel.  A.is.  20,000  oz.,  or  1250  lbs. 

4.  In  thf  hyd^>^tatic  bello'ws,  (^oc  Fig.  18,  Art.  10,)  the  ui"»per  bonrd 
A  contains  2  firji.are  i'crt  of  surface,  and  the  heijjht  of  the  water  in  the 
tube  6  r  Is  4  fett :  n  (iuircd  the  weight  W  which  will  be  supported  on  the 
bellows.  Alts,  8000  oz.,  or  500  lbs. 

6.  In  a  llciod  ^-ate  (see  Fig.  23,  Art.  21)  A  Q  D  G.  let  the  lireadth 
A  (i  =  5  i'ci.1,  tlie  <Vpth  A  (i  or  K  F  =  6  feet :  re<iuut?d  the  pocfition  of 
the  centre  of  i.>rc?sure,  and  also  the  pressure  of  the  water  upon  the  gate. 

A /IS,  'iiic  centre  of  pressure  is  two  feet  from  the  bottom ;  and  the 
wholr  pressure  is  ry",2.'j  lbs. 

0.  In  lin(Ung  the  specific  gravitA'  of  a  li(]uid,  (rtee  Art.  20,)  suppose 
the  weight  of  the  empty  Iwttle  to  be  300  crains,  the  weight  of  the  bottle 
fill'd  with  water  to  }te  000  grains,  and  the  Avcight  of  the  bottle  filled 
with  the  litpiid  to  l»c  700  gr;iin« :  retjuirtd  the  specific  gravity  of  the 
H(iuid.  A»8,  §,  or  GOO  -\-, 

7.  ITio  weight  of  a  solid  body  l«?  300  grains,  but  its  weight  in  water  is 
250  grains  :  rc^iuLred  the  specilic  gravity  of  the  body.     (See  Art.  27.) 

AtlSm   6. 

8.  A  Nilid'  lx)fly  IfK^t  40  grains  when  weighed  in  water,  and  70  gmins 
when  weighed  in  oil  of  vitriol :  rt-quired  the  specific  gravity  of  the 
vitriol.     (See  Art.  2S.)  Ant.  1%, 

9.  In  Hi:(liug  th?  sjK riiir  gravity  of  a  liquid  by  Nicholson's  Ilydroro- 
et<r,  i'<v  .Vrt.  30,)  ht  tlic  wcij^ht  of  the  inntnunent  be  3000  grains,  mid 
let  tb.e  wc![:l"it  jiut  in  the  db^h  (.■  (to  sink  tlie  instrument  to  the  maiiL  i 
Avhen  tlDatul  in  the  ll(juid)  be  1100  grains:  reqidnrd  the  specific  gravity 
of  the  lliiuid.  Ans.  1.1. 

10.  A  i!il;:c:d  pirre  ctf  wcmkI,  wh(»:-e  side  is  2  feet,  sinks  to  the  depth 
of  lA  ftvt  whon  iloaled  on  water:  rcnuir^-d  the  siHxific  gravity  of  t lie 
W(K»d.     (Sci^  Art.  31.) 

}U'i'c  the  wncxl  iiiiitainsS  cubic  fii't ;  and  the  volume  of  the  water  di»- 

pl:i;«  <1  =  *2X --'X  ^i  =  I'  i*nl»i(:  feet.     Now,  the  weight  of  tl*  dl<«plaiccd 

watir  is  »',0'W)  n/..,  Imt  tliis  i<  also  the  weight  of  the  floating  Ixxly  ; 

Wught  of  H  c.  ft.  of  the  wood  —  0000  oz. ; 

left.  "  =0000 

— r —  =  /50  oz. ; 
8 
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■   Specific  gravity  ortliewood=_lfl.=.76. 
lOUO 
Tbu  ranilt  might  at  once  be  obloined  by  dividing  the  depth  of  im- 
mnaan  by  the  whole  depth  of  the  body :  thus,  ^  =  j,  or  .75. 

11.  Reqidred  the  eame  eg  in  the  laat  example,  when  the  mde  of  the 
eobe  ia  I  fbot,  and  the  depth  of  immersion  8  inches.  Ata.  |. 

IS.  With  what  velocity  will  water  issue  &om  an  orifice  made  at  the 
dipli  of  4  feet  below  the  level  of  the  fluid  i     (See  Art.  42.) 

Am.  16  ft.  per  second. 
fia«  it  wiU  be  observed  that  a  body  will  fall  through  4  ft.  in  i  of  a 
Mcmd. 

13.  Required  the  same  m  in  the  last  example,  when  the  onfice  is  S4 
bet  bdffw  tbe  krel  of  the  floid.  Am.  64  feet  per  second. 
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PNEUMATICS. 

1.  Pneumatics  is  that  part  of  Natural  Philosophy  which 
truals  of  the  motion  and  pressure  of  aeriibnn  or  elastic  fluids, 
sucji  oi  the  air  wliiuh  forma  tlie  atmoi^pherc. 

2.  Tlio  atmosphere  every  where  surrounds  llie  globe,  and 
extends  to  the  height  of  about  lifiy  miles  above  ihe  tojis  of 
our  liigliest  nioiiiitiuns.  Although  the  air  i»  invisible,  nnd 
seems  as  nothing  lo  the  vulgar  eye,  yet  it  is  a  material  sub- 
stance, possessing  all  the  essential  propeitieg  of  matter  in 
cotumou  with  solid  and  liquid  IkmIics. 

3.  Air  retards  the  motion  of  bodies. 

Thus,  ivhcn  a  Hiit  board  is  rapidly  movrd  thnn^b  the  air,  a  coivddav 
ablo  rudsCing  fuivc  ia  felt  i  and  it  is  wdl  known'  that  the  vclodtjf  of 
railway  trainn  is  much  aJTcctcd  \vy  the  mdstanre  of  the  air.  Winds,  air 
in  inotiiHi,  drive  our  nhipi  through  the  ocean,  and  perfbrm  useful  Mxr 
in  OUT  wind  milLi.  llic  air,  driven  on  with  tenilic  violence  by  the  hur- 
litanc  or  the  tornado,  gweepa  over  the  earth  and  canits  dCHiIation  and 
ruin  to  the  abodus  of  man.  The  air,  in  the  storm  and  tempest,  lilts  up 
the  mountain  billoivs  of  the  deep,  and  da!ihea  in  {ueces  the  Etstcly  borii 
as  f.hc  bears  to  our  shona  the  wealth  of  other  londn.  It  u  plain  that  tbe 
agent  which  is  capable  of  pnxluein);  such  efTects  must  be  malerioL 

4.  The  air,  like  all  material  bodies,  is  impenetrable  ;  that  is 
to  say,  the  space  occupied  by  fur  cannot  contain  any  otlier 
body  at  tbe  same  time. 

EnPERIJtENTS. 

Exp.  I.  Invert  a  tall  alma  A  over  water,  as  in  the 
aeconi|)anying  cut ;  the  wuIit  docs  not  rise  eompletel; 
within  Ihe  glast  on  accoimt  of  the  air  which  ia  in 
it.  To  render  the  rxpminent  more  apparent,  a  small 
ciirk  in  iiliiiwi  upon  tlii'  water. 

This  pipcriment  oL^  ^lln»1l  the  elnslitity  of  the  air; 
Ibr  ox  the  f-]as*  a  jircwed  clown,  the  air  that  i>  in  it 
occupicH  lias  and  lera  ^wcc,  and  the  force  rctiuiaite  to 
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Fig.  3. 


keep  the  gla»  down,  or  to  balance  the  elastic  force  of  the  air,  IncreaseB 
tiith  the  decrease  of  the  bulk  of  the  air  in  the  glass. 

Exp.  2.  Fill  a  hirge  bottle  ynXh.  water ; 
blow  air  into  the  bottle  by  means  of  a 
bent  tube,  as  shown  in  the  figure;  in 
this  case,  the  air  displaces  the  water. 

In  like  manner,  air  muy  be  trans- 
£ened  from  one  vessel  to  uiiOthcr.  Ilure 
b  (Fig.  3 )  represents  a  TCfrScl  filled  with 
water,  and  ha\'iug  its  open  mouth  invert-  ^9'  2. 

ed  in  the  same  fluid ;  e  is  another  vc>sel  containing  air ;  the  lower  edge 
of  tf  is  brought  to  the  mouth  of  6,  and  as  the  upper 
end  of  e  is  depressed,  the  air  rises  in  bubbles  into 
the  vessel  6,  and  displaces  the  water  ;  tlius  ull  the 
air  in  the  vessel  e  may  be  transferred,  without  any 
loss,  into  the  vessel  6. 

It  will  be  hereafter  explained,  that  the  water  is 
sustained  in  6  by  the  pressure  of  the  atmosphere. 

Exp.  3.  Take  a  bent  tube  of  glass,  open  at  both 
extremities ;  place  the  fore  finger  on  the  extremity 
B,  and  pour  water  into  A ;  the  iluid  docs  not  fill  the 
faranch  B  on  account  of  the  air  which  it  contains. 
Take  away  the  finger :  then  the  air  Is  di>plactd  from 
B,  and  the  water  Htands  at  the  same  k■^'cl  in  both 
branches  of  the  tube. 

5.  Air  h&s  weight  ^^9*  *• 

Exp.  Take  a  Florence  flo-k  F,  having  a  Ptop  cock  S  attached  to  it ; 
exhau>t  the  air  from  it  by  mcaiLSof  an  exhausting  syringe,  (see  Art.  18 ;) 
weigh  the  bottle  thus  exhausted  of  air ;  o])en  the  cock,  and 
aUow  the  external  air  to  fill  the  bottle  ;  the  scale  on  which  the 
bottle  ij*  placed  will  prc^wnderatc,  and  it  will  require  utx)ut 
one  pennyweight  weight  to  restore  the  balance.  This  is  the 
weight  of  the  air  in  the  bottle. 

Having  found  the  weight  of  any  known  bulk  of  iiir,  the 
wtight  of  any  other  bidk  of  it  may  bt*  ra^sily  detorminod.  For 
example,  suppow  that  the  Iwttle  contains  <>0  cubic  inches  o( 
sir.  and  that  its  weisht  is  1 8  grains  :  let  it  be  required  to  find 
the  weight  of  100  culiic  inches. 

Weight  60  c.  in.  of  air  =  1 8  prains  ; 


Fig.  5. 
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The  weight  of  100  cubic  inches  of  atmoepheric  air,  at  a  mean  temper- 
ature, has  been  found  to  be  31.01  grains.  From  this  it  follows  that  a 
cubic  foot  of  air  weighs  more  than  wi  ounces  and  that  water  is  about 
eight  hundred  times  the  weight  of  an  equal  bulk  of  air. 

6.  Light  bodies  float  in  the  air  in  the  same  way  as  a  piece  of  oork 
floats  in  water :  thus  soap  bubbles,  balloons,  clouds,  and  smoke  float  in 
the  air.  Now,  when  a  body  floats  in  a  fluid,  it  is  lighter  than  that  fluid ; 
the  air,  therefore,  is  heavier,  bulk  for  bulk,  than  balloons  or  any  of  those 
bodies  which  float  in  it. 


PRESSURE   OF  THE   AIR. 

7.  The  air,  like  all  other  material  substances,  gravitates 
towards  the  earth;  from  this  it  necessarily  follows  that  the 
atmosphere  must  exert  a  pressure  upon  all  terrestrial  bodies, 
and  moreover  that  the  pressure  on  any  given  surface  must  be 
equal  to  the  weight  of  the  column  of  air  above  that  surface. 
Air,  being  a  fluid,  presses  equally  in  all  directions.    (See  Ht- 

DU08TATIC8,  Art.  9.) 

The  fact  of  atmospheric  pressure  is  clearly  establiBhcd  by  the  following 
easy  experiments :  — 

Experiments. 

Exp,  1.  Take  a  glass  tube,  open  at  both  ends,  dnd  fit  a  plug  or  piston 
P  to  it,  by  -^Tapping  some  cotton  round  the  end  of  a  wire ;  insert  the 
lower  extremity  of  the  tube  in  water,  as  sho'wn  in  the 
figure  ;  raise  the  piston  :  the  water  rises  in  the  tube  by 
the  pressure  of  the  atmosphere  upon  the  siurface  H  K  of 
the  water  in  the  vesseL 

This  experiment  explains  the  principle  of  the  common 
syringe.  Push  the  piston  P  (Fig.  7)  to  the  bottom  of  the 
barrel ;  insert  the  nozzle  O  into  some  water,  and  then 
nu«e  the  piston  ;  the  water  rises  into  the  syringe  by  the 
pressure  of  the  atmosphere.  WTien  the  piston  is  forced 
downwards,  the  water  escapes,  through  the  orifice  O,  in 
the  form  of  a  jet.  Close  the  orifice  O  with  the  finger,  and  then 
the  piston  ;  a  vacuum  is  formed  beneath  the  piston. 

Exp,  2.  Close  one  end  of  a  s-mall  tube  with  the  fore  finger,  and  then 
fill  it  with  water ;  invert  the  tube  so  as  not  to  spiU  any  of  the  fluid :  the 
water  remains  in  the  tube.  Here  the  water  would  fall  out  of  tbe  tube 
by  its  weight,  if  the  upward  pressure  of  the  atmosphere  did  not  tufltm 
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it.    The  finger,  placed  upon  the  top  of  the  tube,  takes  off  the  pressure 
of  the  air  from  the  upper  surface  of  the  water,  while  the  upward  pressure 


Fig.  7. 
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of  the  atmo^ihere  upon  the  under  Bur&oe  of  the  water  sustains  the  fluid 
in  the  tube  in  opposition  to  its  gravity.  Take  away  the  finger,  and  then 
the  water  descends  by  its  own  weight ;  for  in  this  case,  the  air 
presses  upon  the  upper  surface  of  the  water,  as  well  as  upon  its 
km'er  surface, 

Exp»  3.  Fill  a  very  small-necked  bottle  with  water ;  cautiously 
invert  the  mouth  of  the  bottle :  the  water  remains  suspended  in 
the  bottle  by  the  upward  pressure  of  the  atmosphere. 
.   Exp.  4.  ilU  a  wine  glass  with  water,  and  cover  the  mouth 
with  a  piece  of  paper ;  place  the  hand  over  the  paper,  and 
invert  the  glass ;  take  the  hand  carefully  away :  the  water 
remains  suspended  in  the  glass  by  the  atmospheric  prG88iu*e. 

Exp.  5.  The  bent  tube  A  B  is  closed  at  the  extremity  A, 
and  open  at  B.  Fill  the  tube  with  water  or  mercury,  as 
shown  in  the  figure,  then  the  fluid  will  be  supported  in  the 
branch  A  by  the  pressure  of  the  air  on  the  surface  of  the 
fluid  at  B.  A  tube  of  this  kind,  known  by  the  name  of 
(foopttr^M  Thibet  is  frequently  used  in  experimental  chemistry. 

The  birdfimntain  and  ihs  fountain  ink  bottle  depend  upon 
the  same  principle.  In  Fig.  12,  A  represents  the  liquid  in 
the  fountain,  and  B  the  liquid  in  the  cup.  As  the  liquid  is 
token  from  the  cup,  an  equal  portion  descends  from  the  foim- 
tain,  to  supply  the  place  of  that  which  is  taken  away. 

kxp.  6.  The  common  tucker  affords  a  simple  and  beautiful 

of  the  premire  of  the  atmosphere.    Observe  that  the  wetted 
9* 


Fig.  11. 
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piece  of  leather,  or  sucker,  is  raised  in  the  middle,  by  the  string  attached 
to  that  part ;  this  forms  a  hollow  space,  or  yacuum,  between  the  central 


Fig,  12. 


Fig.  13. 


Fig.  14. 


portion  of  the  nuckcr  and  the  stone ;  the  pressure  of  the  atmosphere^ 
therefore,  presses  the  stone  upwards  against  the  sucker.  The  stone  fidls 
the  moment  a  hole  is  made  in  the  central  part  of  the  sucker. 

In  this  manner  Hmpcts  stick  with 
such  force  to  the  rucks ;  and  on  the 
same  principle  flies  walk  on  the  ceiling, 
for  they  have  the  power  of  forming 
their  little  feet  into  suck(?re. 

Exp.  7.  Take  a  jMiir  of  common  bel- 
lows ;  observe,  while  j'ou  raise  the  top  board  A,  that  the  yalye  v 
in  consccjuence  of  the  external  air  rushing 
in  to  till  up  the  void ;  and  observe,  while 
you  depn^  the  top  board,  that  the  valve  v  is 
closed,  and  the  air  is  pro]x»lled  through  the 
noz/li!  n  with  (ronsiderable  force,  in  conse- 
quence of  the  cla'sticity  of  the  compressed 
air  within  the  bellows. 

Exp,  8.  Take  a  glass  tube,  alyout  32  inches 
lonpj,  closed  at  one  extremity  ;  fill  the  tube 
i^ith  mercury,  a])ply  the  finger  to  the  open 
end,  and  immerse  it  in  a  cup  of  mercury ; 
bring  the  tub(»  to  an  erect  position,  as  shown 
in  the  accompanying  figure :  a  colimui  of 
mercury  alx)Ut  .10  inclus  hiph  rcmaiiLs  sup- 
ported in  the  tube  l.)y  the  pres>ure  of  the 
atmosphere  ujK>n  the  surface  of  the  mercury 
in  the  cup.  The  R])acc  in  the  upper  |xut  of 
'he  tube  is  a  vacuum. 
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This  remarkable  experiment  was  first  made  by  Torricelli,  who  was  a 
pupil  of  the  celebrated  Galileo,  and  hence  it  has  been  called  the  Torri- 
eeUutn  experiment. 

8.  The  average  pressure  of  the  air  is  15  lbs.  per  square 
inch. 

The  oohimn  of  mercury  which  balances  the  pre&jurc  of  the  air  is  esti- 
mated from  o  to  fi,  (ace  Fig.  15 ;)  that  is,  it  is  equal  to  the  height  of  the 
mercury  in  the  tube  above  the  levd  of  the  mercury  in  the  cup.  As  this 
cohmm  of  mercury  balances  the  pressure  of  the  air,  so  therefore  the  wdjjht 
of  the  mercury  in  the  tube  is  equal  to  the  pressure  of  the  air  upon  a 
surface  equal  to  the  internal  section  of  the  tube.  (See  Hvduost.vtics, 
Art.  15.)  For  example,  let  the  internal  section  of  the  tul)e  \ye  I  wjuarc 
inch,  and  the  height  of  the  column  of  mcTciiry  o  n  30  iiicht* ;  thai  there 
will  be  30  cubic  inches  of  mercury  in  the  tube ;  now,  I  cubic  incli  of 
mercury  wdghs  very  nearly  half  a  pound ;  therefore  the  weight  of  the 
meroury  in  the  tube  will  be  15  pounds ;  but  this  weight  of  mercury  bal- 
ances the  presBure  of  the  air  exerted  on  1  inch  of  siu-face ;  therelorc  the 
prcHRure  of  the  air  upon  1  inch  of  suri'ace  i»  about  15  poimds. 

The  height  of  the  column  of  mrrcury  is  not  affected  by  the  size  of  the 
tube  ;  ftwr  if  the  section  of  the  tube  were  2  inches,  in  the  i)lace  of  1,  the 
weight  of  the  mercury  would  be  doubled ;  but  the  'i)rc8siu:e  of  the  air, 
in  this  case,  would  also,  be  doubled,  ina^^much  as  it  would  act  upon  2 
inches  of  surface,  in  the  place  of  1. 

The  pressure  of  the  air  will  support  a  much  longer  column  of  wntor 
than  of  mercury ;  fiar  water  being  about  134  tunes  lighter  than  nuTcury, 
the  colunm  of  water  must  be  13i  times  the  length  of  the  column  of 
mercury  to  produce  tlM  same  amount  of  pressure.  ( See  Hydromtatil-s, 
Art.  25,  Exp.  9:)  Now,  we  have  seen  that  it  takes  alxiut  30  iiichca  of 
mercury  to  balance  the  pressure  of  the  air ;  therefore  it  ^-ill  take  1  ''\^ 
times  30  inches,  or  about  34  feet  of  water,  to  balance  this  prc7>sure  ;  tluit 
is  to  say,  upon  an  average,  the  pressure  of  the  air  is  able  to  susfain  a 
column  of  tcater  34  feet  high.  Hence  it  is  that  water  camiot  be  raiwxi 
higher  than  34  feet  by  the  common  pump. 

9.  The  pnsKure  of  the  atmosphere  on  our  hodies  is  essential  to  health; 
fior  it  coimterbalanccs  the  pressure  of  the  fliud«*  within  us  and  thtTcby 
gives  a  ftpring  and  elasticity  to  their  motion.  When  the  wiight  of  the 
air  b  taken  away  from  any  part  of  our  bodies,  the  internal  pressure  of 
the  blood  causes  those  parts  to  swell  out ;  hence  it  is  that  persons  ex])e- 
nence  an  unpleasant  sensation  when  they  ascaid  a  high  moimtain. 
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The  Barometer. 

10.  The  Torricellian  experiment  not  only  exhibits  the  principle  of  the 
barometer,  but  also  shows  the  manner  in  which  it  is  made.  It  has  been 
found  that  the  pressure  of  the  atmosphere  is  not  always  the  same ;  some- 
times it  will  support  a  column  of  mercury  equal  to  31  inches,  whereas 
at  other  times  it  will  only  support  a  column  of  28  inches.  Now,  the 
barometer  is  an  instrument  contrived  to  measure  the  weight  or  pressure 
of  the  air  at  any  time ;  in  order,  therefore,  to  enable  us  to  see  the  height 
of  the  mercury  in  the  tube,  there  is  a  scale  placed  at  the  upper  end  n 
(sec  Fig.  15)  giving  the  distance  from  the  sur&ce  of  the  mercury  in 
the  cup. 

If  a  barometer  be  taken  to  the  top  of  a  moimtain,  tlie  mercury  in  the 
tube  will  fidl ;  because,  as  we  ascend  above  the  level  of  the  sea,  the  pres- 
sure of  the  atmosphere  becomes  less  and  less.  In  this  way  the  barometer 
is  sometimes  used  to  determine  the  height  of  mountains.  It  is  also  used 
as  a  weather  gauge ;  for,  when  the  air  is  dense  and  heavy,  the  mercury 
in  the  barometer  stands  high ;  and  in  such  states  of  the  atmosphere  we 
gencnilLy  have  line,  clear  weather ;  but,  on  the  contrary,  when  the  air 
becomes  rare  and  light,  the  mcrcur>'  in  the  barometer  flEdls,  and  then  we 
are  likely  to  have  rainy  or  stormy  weather. 

A  barometer  tube  is  sometimes  attached  to  air  pumps,  fbr  the  puipose 
of  indicating  the  degree  of  exliaustion  produced  in  the  receiver. 


The  Siphon. 

11.  llils  instrument  is  used  for  dra^wing  off  liquids  from  vessels  which 
it  would  be  inconvenient  to  move  from  the  place  where  they  stand.  It 
sbnply  coni^i^ts  of  a  bent  tube  BAG  having  one  branch  A  B  longer  than 
the  other  one  A  C. 

ExperimetU.  —  Fill  the  bent  tube  B  A  C  with  wa- 
ter ;  place  a  finger  on  B,  and  another  on  C ;  invert  the 
tube,  and  immerse  the  short  leg  in  the' water;  take 
away  the  finger  :  then  the  water  immediately  runs  in  a 
sti-eom  from  the  orifice  B.  Ilold  the  vessel  in  such  a 
position  as  to  bring  the  orifice  B  on  a  level  ydih  C : 
the  water  then  ceases  to  flow. 

The  ])rinciple  of  the  siphon  is  exceedingly  simple : 
the  column  of  water  A  B  being  longer,  and  of  course 
heavier,  than  t)w  column  A  C,  the  fluid  necessarily 
flows  in  the  direction  of  tlie  greater  pre«?ure.  At  the 
same  time,  it  is  to  be  observed  that  the  pressure  of  the  atmosphere,  tend« 
ing  to  force  the  water  up  the  leg  C  A,  is  the  same  as  that  which  is  te&d- 
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Ing  to  fixce  the  water  up  the  leg  B  A,  so  that  the  one  exactly  balances 
the  other,  and  therefore  the  water  is  leit  to  descend  by  its  excess  of  grav- 
ity in  the  leg  A  B. 

Intermitting  Springs. 

12.  The  principle  of  the  siphon  enables  us  to  explain  the  nature  of 
intermitting  ^[jrings,  or  those  springs  which  only  flow  at  stated  periods. 
A  D  £  represents  a  cavity  in  a  hill, 
which  becomes  gradually  filled 
with  water  from  the  rain  and  snow 
draining  through  the  porous  earth 
or  rocks ;  AB  C  is  a  siphon-shaped 
fiBBore  proceeding  from  this  cavity ; 
as  the  water  collects  in  the  cavity, 
it  rises  higher  and  higher  in  the  leg 
A  B  until  it  reaches  the  level  K  B, 
when  it  begins  to  flow  through  the 


kog  leg  B  C;  and  as  the  water  Fig.  17. 

continues  to  rise  in  the  cavity,  the 

discharge  at  C  will  also  increase  until  the  water  flows  in  a  continuous  jet. 
Now,  on  the  principle  of  the  siphon,  the  water  ^ill  continue  to  flow 
from  C  until  the  water  in  the  cavity  sinks  to  the  level  of  A  E,  when  the 
air  will  rush  into  the  siphon  ABC;  and  then  the  water  will  not  flow 
again  ontil  it  has  reached  the  level  K  B,  so  that  the  spring  will  appear 
to  have  regular  intervals  of  repose. 


ELASTICITY    OF   THE    AIK. 

13.  This  pruperty  of  the  air  has  already  been  explained  in  ITydro- 
statics.  Art.  4,  and  aLso  in  Exp.  1,  Art.  4,  of  the  present  treatise.  The 
iaUowing  simple  experiments  -will  still  further  elucidate  the  subject. 

EXPERIMKXTO. 

Erp.  1.  Introduce  water  into  a  lar^^e.  wide-mouthed 
bottle ;  fit  a  small  glass  tube,  open  at  both  ends,  to  the 
mouth  of  this  bottle,  by  means  of  a  perforated  cork,  as 
shown  in  the  figure ;  blow  through  the  tube  so  as  to  in- 
crease the  quantity  of  air  in  the  bottle  :  after  withdrawing 
the  mouth  the  water  will  rise  in  a  jet,  o^\'ing  to  the  expan- 
Bve  fbcoe  of  the  condensed  air  in  the  bottle. 

Ezp.  2.  Fig.  19,  A  is  a  two-neeked  bottle  containing 
■ome  water ;  B  is  an  inflated  bladder  tied  to  one  of  the 
montha  of  the  bottle ;  a  6  is  a  long  glass  tube  reaching  nearly 
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to  the  bottom  of  the  bottle ;  tliix  tube  U  Stt«d  aii-tight 
to  the  muutb  uf  tlic  lioillc  tiy  ptusing  through  a  pcr- 
Ibnttcd  cork,  iij  comiinsniiig  the  oii  in  the  bludder 
the  water  will  lis:  up  the  tube,  frum  the  elasticity  or 
prt«<urc  of  th[>  coiulmscd  air  in  the  buttle 

Exp.  3.  I'he  fiilluniiig  iiuitnictiTC  oxpcrimmt  afibrdi 
an  uuiu^iig  illustratlou  uf  the  elastietty  of  the  air,  ■> 
well  OH  of  ihe  nature  of  speoilie  gruvitv.  Fig.  20,  A  is 
a  niile-moutliL'd  bottle,  nearly  liUiil  nith  water,  in 
which  some  huUow  glass  tigurcH  having  a  hole  in  one 
foot,  called  botllt  imps,  uro  ]ik''cd  »j  09  to  Uoat  neni 
the  Hurfacc  when  tilled  with  air ;  o  piece  of  bladder  ii 
tied  over  tlie  mouth  of  the  botUc  so  oa  to  exclude  the 
external  air.  1'tlts  the  bladder  with  the  tingcn ;  the 
li;;uTC»  duKcend  in  the  water ;  tciuove  the  pitfiure,  and 
tilt?  aKtnd  ;  and  so  on.  By  tliua  alternately  raising 
and  dcprtiMiig  the  ttngrrB,  the  little  flguicB  may  be 
Hindu,  aH  it  were,  to  dance  up  and  don-n  the  fluid. 
IIltc  lliL-  pruiinire  on  the  bladder,  by  compr^Bsing  the 
air  Ixsiintli  it,  produera  a  pressure  on  the  surface  of 
the  water,  and  tins  ca>iM£ji  Kniall  portion  of  the  liquid 
to  enter  tht'  hulluw  li)^iri:s,  which  increascH  (lu'iT  spe- 
rilie  hinvity,  and  in  ihis  case,  therefore,  thi-y  descend ; 
on  the  contrary,  when  tlie  pni*ure  is  removed  &om 
the  bluildit,  tile  air  witliin  the  figures  regains  its  oii- 
ginul  bidh.  and  then  they  ascend.  On  this  [irinciple 
fishes  lire  itiabltd  to  rire  and  fall  in  the  wattf :  they 
have  a  little  air  blndiUi'  within  their  bodies,  which 
thoy  itaitroct  when  they  wish  to  descend,  and  expand  when  diejr  widi 

Exp.  4.   Invctt  a  Emnll  bottle,  and  introduce  io  much 
water  an  will  just  can>«  it  to  float  on  the  surface  of  the  fluid  i 
gently  ileiirtfa  the  bottle  to  about  the  middle  of  the  water, 
witlKiut  atliiwiiig  any  of  the  air  to  escape :  the  Iwttle  sinhs 
ft'  ill!'  Ixittiiin.  where  it'wi]]  ninain.     In  fart,  the  Inttle  will      fjy.  31. 
only  float  iimr  llio  surfai-p.    Here,  when  the  bottle  is  dc- 
{iTdRi'd,  an  odditHinul  p«tiiH)  of  water  eMter^  it.  in  i-onaeijuenee  of  the 
iiiinitHil  dciith  of  the  fluid  ;  In-  thJH  n>ean»  the  spccitic  gravity  of  tba 
botlh'  is  iiiiTi'aKi.'d,  and  Ihmk-o  it  Miiks. 

K.'p.  3.    The  jmp-iiiH  afliiriln  a  good  illustration  <^  the  ehtfiid^  <f 
the  iiir. 

M.  Till!  elasticity  or  pressure  of  air  increases  wiUi  tbe 
dccn'OKO  of  llic  space  which  it  is  forced  to  occupy. 
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Fig,  22. 


In  order  to  explain  this  law,  let  P  represent  a  piston 
ccnnpTCsdiig  the  air  in  the  cylindiT  A  H  C  D ;  sup- 
pose the  smfacc  of  the  puton  to  be  one  square  inch,  and 
that  the  atmosphere  exerts  a  prc:^surc  of  lo  Ibit.  per 
square  inch ;  now  let  an  additional  loud  or  pressure  of 
15  lbs.  be  laid  on  the  piston,  then  the  jyiston  will  de- 
wend  to  a  6,  and  the  air  beneath  it  will  bo  reduced  to 
one  half  its  original  Tolume  —  that  is  to  say,  cur  umler 
a  presntre  of  two  atmospheres  is  reduced  to  otie  half  its 
original  vob*me.  A^ain,  let  twice  15  lbs.  be  laid  upon 
the  pi:fton,  then  it  will  descend  still  farther,  and  the  air 
bcneaxh  it  will  be  reduced  to  one  thinl  its  original 
•pace  —  that  is  to  say,  €ur  under  a  pressure  of  thnx  at- 
mospheres  is  reduced  to  one  third  its  original  sjxice ;  and  so  on.  ThuR  It 
appears  that,  as  we  increase  the  pressure  applied,  w>  wo  in  the  same  pro- 
portion reduce  the  space  occupied  by  the  air.  And  it  will  be  readily 
tmdentood  that  the  pressure  which  comprcs^^s  any  ]K)rtion  of  air  is  the 
mcaomre  of  its  elasticity  cr  tendency  which  it  hns  to  (expand. 

This  law  of  elasticity  was  first  proved  by  Murriottc,  in  the  following 
manner:  — 

Experiment,  Take  a  bent  tube  H  E  A  B  clost^d  at  B ; 
introduce  a  little  mercury,  so  as  to  mak^  it  stand  at  the 
same  level  E  A  in  both  legs  of  the  tube ;  let  the  space  A  B 
occupied  by  the  enclosed  air  be  divided  into  Ci\\vS\.  parts ; 
pour  mercury  into  the  tube  until  the  volume  of  air  in  A  B 
is  reduced  to  C  B  ;  then  it  \%ill  be  found  that  when  C  B  is 
one  half  A  B,  the  column  of  mercury  I)  II  pnxlucing  this 
emnprcsMon  is  about  30  inches,  or  a  column  of  mcr(>ury 
which  bfUanoes  the  premire  of  the  atmusplierc ;  that  when 
C  B  »  one  third  A  B,  or  when  the  volume  of  air  is  nxluced 
three  times,  the  coliunn  of  mercury  D  H  is  twice  30  inches, 
and  BO  OQ ;  thereby  proving  the  law  of  elasticity  just  ex- 
plained. 

Variation  in  the  Density  of  the  Air. 

15.  It  has  been  already  mentioned.  Art.  10.  that  as  we  rise  above  the 
earth's  surface  the  air  becomes  thinntT  and  thinner,  or  less  and  hss  dense 
this  is  a  necessary*  conjequonce  of  the  law  of  rl.tstic-ity.  'Vhv  follow- 
ing ramarkable  rtlation  between  the  den-ity  of  the  air  and  its  hi  iiiht 
above  the  level  of  the  sea  deserves  to  be  i^iKvially  noticed :  as  the  olova- 
tion  above  the  level  of  the  sea  increa«rf>H  in  ariihmetieal  pnigrwsion,  the 
disn^ity  or  pressure  of  the  air  decnnses  in  geometrical  ])Toi;:nsfiion.  llius, 
if  the  pressure  ol  the  air  at  the  level  of  the  sea  be,  on  on  average,  15  Ibe. 
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per  nrpuue  inchi  then  M  tlie  hoght  of  about  3^  inilts  ■  it  luu  n  [wf  ni 
i  of  IS  lis.;  Bt  the  hdght  of  2  times  31  miles  il  lias  a  laueure  of  j  of . 
Us. ;  at  the  bcisht  of  3  times  3^  mii»  it  luu  h  ptccsuic  of  1  of  15  Ha 
and  so  oQ.  it  will  be  acoi  that  fbr  erer;  iniccesive  3^  milts  whicb  1 
asccful,  tJie  prcsnire  of  the  oii  te  alnayj  the  half  of  what  It  ia  nl  Ilic  jil 
ceding  elevation.  This  law  would  be  stiictlj  mie.  if  tlie  Btino«ph< 
wae  ovcTT  where  of  tlie  same  temperature  BQ(1  contauitd  the  mum  qua 
tHy  ft  maiatiK. 

Belalions  of  Air  to  Heat. 

16,  "When  a  hoiy  is  heated,  it  expands  or  becomea 
in  bulk;  in  this  way,  heat  rarefies  txxlics,  and  causes  them 
become  specifically  lighter. 

Elastic  fluiils,  such  ae  tdi,  are  more  suaceptible  of  this  aeliaa  cf  bi 
than  cither  aolids  or  liquids.  The  air  over  a  common  fire  boconuB  tm 
fied  by  the  heati  aiid  bong  thus  tendered  epccifioilly  lighter  than  t 
•inounding  atmoqihCTe,  it  ascends  up  the  chinmef  ■  aud  its  fi»ee 
■ipplicd  by  the  current  of  air  which  niahcs  towards  the  firepl**  fr 
all  parta  of  the  room,  especially  from  the  openings,  or  apirwreB  bi  wi 
dows  and  dooiB.  llius  o  Ore  creatis  an  orlifieial  wind.  On  the  m 
pnnciplc,  the  unequal  distrihutiijn  of  heat  ava  the  earth  praduca  ot 
gKsI  ecalo  thcvariouscurrentsof  air  or  winds,  which  oTQemy  whoef 

17.  The  (bllowing  simple  cipoimente  will  render  thin  pxiipatf  of 
more  apparent. 

£^.  1.  Partially  fill  a  bladder  wiili  air,  and  after  lying  iia  ami 
place  it  near  agoodfitc:  the  air  within  the  bladder  cipauda  and  OD 
pletely  lilb  it. 

Eip.  2.  Invert  a  wine  glaaa  in  a  basin ;  gently 
pour  hot  wnlfr  into  it  r  bubblra  of  air  acnpe  from 
the  wine  glasa,  in  ciouequence  of  the  eipaiuioa 
of  the  oil  by  the  heat. 

Eip,  3.  Thtnw  a  piece  of  burning  paper  into  a 
wine  gluB,  and  while  llie  popor  ia  still  liuming, 
faroiUy  duse  the  nunith  of  [he  gloss  with  the 
lland  :  after  a  few  secnnds,  the  glam  will  be  found  Ftf.  M< 

Id  Eticli   to   the   hand    with   considerable  fbn^e.  -r- 

Hfte  the  heat  expcLs  nearly  tlie  whole  of  the  sir  in  the  glaaa.  Ytj  CM 
it  to  f  rft^d  '  afttf  the  air  in  the  glass  oools*  it  oontActl^  and  tbM 

•  More  eiailljr,  3.42  milta. 


PNEUMATICS. 


109 


preaeure  of  the  eztonal  air  upon  the  outside  of  the  glass 
becomes  greater  than  the  poressiirc  of  the  rarefied  air  within 
the  glass. 

Exp.  4.  Cut  a  piece  of  paper  in  the  form  of  a  spiral, 
as  in  Rg.  26;  run  a  thread  through  the  centre  c;  sus- 
pend the  paper  by  this  thread,  and  it  ^^ill  have  some- 
thing like  the  form  of  a  corkscrew ;  bring  it  over  the 
ftame  of  a  candle :  the  suspended  paper  turns  round  in  one 
certain  direction.  Here  the  hcaU>d  air  about  the  candle 
asceuds,  and  by  striking  against  the  surface  of  the  paper, 
causes  it  to  revolve  on  the  same  principle  as  a  toy  wind- 
milL 

Tlie  Exhausting  and  Condensing  Syringe, 


Fig.  25. 


Fig.  26. 


Fig.  27. 


18.  This  instrument  is  used  for  two  pur- 
poses, viz.,  for  exhausting  air  from  a  vessel, 
and  also  for  compressing  air  into  a  vessel.  A 
Bection  of  this  instrument  is  represented  in 
the  accompanying  figure.  P  l<«  a  solid  piston,  . 
working  air  tig^ht  in  a  cylinder :  P  S  L<  the  \ 
piston  rod,  working  through  an  air  tight  collar 
8.  so  that  as  the  piston  rod  moves  up  and 
down  through  this  collar,  no  air  shall  be  al- 
lowed to  pass  through  it  into  the  cylinder ;  V 
i5  a  valve,  or  little  door,  opening  outwards  ; 
C>  is  an  open  aperture  leading  to  the  vessel 

A,  from  which  air  is  to  be  exhaufitcd.  Let  us  now  see  how  this  in- 
strument exfiMitts  (he  air  frf)m  vessels.  First  of  all,  the  piston  P  is 
drntm  to  the  top  of  the  cylindtT,  then  the  gla'^s  ^lohe  A,  ha\'inR  a  stop 
etH-k  B  attached  to  it,  is  K-rewcd  on  to  the  pipe  O,  and  the  stop  cock  B 
i«  opened.  The  instrumt^nt  being  in  this  state,  force  do^^n  fhc  piston ; 
then  the  air  beneath  it  is  driven  out  of  the  cylinder,  through  the  valve 
V,  while  the  air  in  the  gloix)  expands  and  fills  the  upper  part  of  the  cyl- 
inder. Raise  the  piston ;  then  the  valve  V  is  closed  by  tlic  pressure  of 
tlio  external  air,  and  a  vacuum  Ls  foniuxl  Ix^nea^'i  it;  but  the  moment 
the  jn<Um  P  passes  the  orifice  O,  the  air  ru.^hes  from  the  bottle  and  fills 
up  the  void  formed  in  the  cylinder.  When  the  piston  is  forced  down 
•irain,  a  quantity  of  air,  equal  to  the  volume  of  the  cylinder,  is  again 
drix'cn  out ;  so  that  after  thi*»  o]XTation  has  been  repeated  for  about  a 
dozen  timcH,  the  air  in  the  bottle  locomes  so  attenuated  or  rarefiod,  as 
almrwt  to  appfoach  a  vacuum.  Aftt-r  the  exhaustion  Is  (K)mi>leted,  the 
oock  B  is  cloeod,  and  the  globe  is  unscrewed  from  the  cylinder. 

10 
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Let  us  now  see  how  the  instrument  acts  as  a  condetuer  of  air.  Pinit 
of  all,  the  piston  P  is  drawn  to  the  top  of  the  cylinder ;  then  the  boule 
A,  into  which  the  air  is  to  be  comprebscd,  is  screwed  on  to  the  pipe  Q, 
the  pipe  O,  in  this  case,  being  left  completely  open.  Force  down  the 
piston ;  then  the  air  beneath  it  is  driven  thit)ugh  the  valve  V  into  ihe 
bottle.  Raise  the  piston ;  then  a  vacuum  is  formed  beneath  it,  but  at 
the  same  time  the  valve  V  is  kept  shut  by  the  pressure  of  the  air  in  the 
bottle,  so  that  no  air  can  escape  from  it ;  now  the  moment  the  piston  P 
pas"<C8  the  oritice  O,  the  external  air  rushes  uito  the  (;ylinder  and  tilLi  it. 
In  the  next  downward  stroke,  the  air  beneath  the  piston  is  again  forced 
into  the  lx)ttle ;  so  that  at  every  downward  stroke  a  quantity  of  air, 
equal  in  volume  to  the  cylinder,  is  forced  into  tlie  bottle.  When  the 
air  has  Imx'u  sulKcieiitly  condensed,  the  cock  B  is  closed,  and  the  bottle 
is  unscrewed  from  the  cylinder.  The  bottles  used  for  holding  couden^ed 
air  are  usually  made  of  metal. 


The  Air  Pit/np, 

19.  The  air  pump  is  used  for  withdrawing  the  air  from  large  glan 
vessels,  called  receivers,  in  which  ex|)erimcnts 
are  performed.  'Jlie  accompanyin"^  fii^ure 
repre>ents  a  common  air  pump,  with  a  single 
barrel.  P  is  a  piston,  working  .iir  tij^ht  in 
the  barrel  or  cyUnder  Re;  this  piston  has 
a  valve,  or  Uttle  door  in  it,  opening  up- 
ward**.  which  sdlows  the  air  to  escape  out- 
wards, but  docs  not  allow  any  air  to  pass 
inwards  ;  V  is  a  valve,  placed  at  the  bottom 
of  the  cylinder,  which  aLso  lifts  upwards; 
f  D  E  O  is  a  pipe,  which  cormerts  the  cylin- 
der with  a  fiat,  polished  plate  B,  on  which 
the  recd^  A  stands ;  the  bottom  of  this 
rcceivrr  is  ground  flat,  so  that  it  May  fit  per- 
fectly air  tight  to  the  plate  when  a  Uttle  lard 
is  rub;  .  d  over  it ;  K  is  a  stop  ccmk ;  <?  is  a 
nut,  which,  being  r.r.rcrcwed,  allo-.vs  the  ex- 
ternal air  to  enter  the  receiver ;  !C  M  Is  the 
mercury  gauge  for  indicating  the  d^^ree  of  exhaustion  produced  m  the 
receiver  A ;  this  gauge  acts  on  the  same  principle  as  the  Torricellian 
tube.     (See  Art.  10.) 

Let  r  :  now  sec  how  the?  pnni])  acts.     The  rereivrr  A,  fr  )m  which  the 

air  is  to  be  withd'- i,  bcin«?  (       fully  plnccMl  ujMm   ...e  phitt  with  a 

little  clean  lard  rubi>od  upon  it,  the  Ftop  rock  K  is  opened,  and  the  nut 
#  is  screwed  tightly  up.    The  instrument  being  in  this  state,  the  piston 
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f  r  ii  iT^kcd  rapidly  up  aad  down,  uiidl  a  ntffident  degree  of  exJmtu- 
1 '.»  ptnduced  ill  tile  Tecisver,  which  a  alv,iva  Ehown  by  the  heiglit 
>  U  >.;  vhicfa  the  nuzcuiy  Mauds  in  the  -::..tge ;  tlur  atop  cock  K  is 
iliui  dnccd  in  order  to  cut  off  any  further  eommunitatiitD  with  the 
pump.  At  Each  downward  Btmke  of  the  piston,  t.'  ?  'rtlve  in  it  opeuoi 
aUmring  the  aii  beneath  it  to  escape  while  the  valve  V  is  closed ;  m 
itu!  taunry,  at  each  upn-ard  stroke,  t__  valram  tl_.  [liiton  is  closed  by 
Uk  jnKun;  of  llit  external  air,  while  r  he  lur  in  the  lec^Tor  lifts  up  the 
iiItc  V,  and  Slia  up  tbo  Tacuum  whiLh  would  othETwisc  be  formed  be- 
WBth  the  jnslo4i.  Thus  a  certidu  portion  of  the  air  remaimng  to  the 
Metic  Li  olwari  withdntnii  at  evi.r\-  double  stroke,  eo  that  by  contin- 
Bmi;  the  proce9s>  the  tur  in  thi;  rtvtiver  at  length  becomes  so  rarefied  aa 
timUBI  t)  epiri  [. . ..  a  vacuum. 

Tu  liiow  ILl;   use  of  the  gauge,  let  us 

■ippocE  that   the  column  of  mercury  in 

llw  hoometer  •tanda  at  the  height  of  30 

I   bAc^  and  thnt  the  column  M  N  in  ihe 

Eipngeis  28  inches  i  then  the  de&dencv.  S 

I'MiOi  U  due  to  lite  elaeticity  of  the  iiu  in 

^w  tecdTS :  and,  therefore,  since  2  is  the 

\  fart  ef  30,  tho  dasiieity  of  the  air  in 

a  will  be  the  tV  P""  "^  ^^  ^'*" 

t]t  of  the  eztenial  air. 

■  ■  lO.  In  order  to  facilitate  the  exhaustion, 

a  are  usually  made  with  two  cyl- 

*,  fo  that  while  one  piston  is  ascend- 

f,  the  other  is  dfecending,  and  thus  the 

■  of  eihausIioQ  is  continually  kept 

,    The    pistons,   in   these   pumps,   nra 

d  by  » toothed  wheel,  which  is  tnsde 

E>'fcB*)t  upon  r«rk>  formed  upon  the  piston 

ndb    The  socompunying  figure  reptestnts 

m  air  pump  of  this  kind,     a  and  r  arc  the 

I«»  barrels ;  r  and  R  the  raf  k?  formed  on 

ihr  piiUm  rods  ;  H  is  the  hnndle  or  winch, 

lOtioQ  to  the  tonthed  wheel 

d  between  the  racks,  so  that  a  back 

rard  motion   being   given   to   thia 

n  up  and  doikTi  motion  ift  commu- 

1  la  the  pistons :  A  is  the  recnver,  , 

f  tn  the  plate  B  :  T  ia  a  table,  on 

b  the  machine  is  fixed :  E  E  are  the  piUan  Eupporling  the  plate  B  i 

b  l)w  meirury  gauge ;  and  so  on  to  the  other  ports  of  the  machine, 

balnBdy  docribed. 


Fig.  29. 
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Experiments  prhformed  with  the  Ant  Pitkp. 

Exp.  1.  To  fasten  tlie  hand  to  a  glass  by  means  of 
the  utniosphcric  pressure.  A  B  is  a  binall  glass,  open 
at  both  ends,  about  3  inches  diameter.  Place  this  glass 
over  the  hole  of  the  air  pump  plate;  lay  your  hand 
tightly  over  the  top  A ;  turn  the  handle  of  the  pump 
for  a  few  times;  the  hand  becomes  fastened  to  the 
gla«*s  by  the  pressure  of  the  air. 

Exp.  2.  To  burst  a  bladder  by  the  pressure  of  the 
atmosphere.  Tic  a  piece  of  thin  bladder,  moistened  in 
water,  over  one  end  of  the  glass  used  in  the  last  experiment ; 
alter  the  bladder  has  bi'conie  dry,  it  will  be  perfectly  tight. 
Place  the  glass  on  the  plate  of  the  aii-  i>unip ;  then,  after  a 
few  turns  of  the  handle,  the  bladder  will  burst  vdth  a  loud 
report,  from  the  pressure  of  tlie  atmosphere. 

Exp.  3.  A  and  B  are  two  brass  cups,  called  Matjdehottrg 
hrmisphercSf  which  exactly  fit  each  other  at  the  edges,  so 
that  when  they  arc  brought  together  they  form  a  sphere ;  C 
Is  a  pipe,  with  a  stop  cock  leading  into  the  interior  of  the 
cup  U.  Put  a  Uttlc  lard  on  the  edges  of  the  cups,  and  bring 
tliem  together ;  screw  them  by  means  of  C  to  the  plate  of 
the  air  pump;  exhaust  the  air  fn>m  the  inside;  turn  the 
st()y»  cock  (',  and  unscrew  them  fnmi  the  pump;  screw  the 
handle  I)  on  at  C  :  the  cups  Ix'ing  now  ])ressc*d  together  by 
the  atmosphere,  will  require  a  coiLsiderable  force  to  &c>i)arate 
them. 

Sup]K)sinsj  the  air  to  be  com])ktoly  exhausted  from  the 
inside  of  the  cui»,  and  that  their  section  a)n tains  10  scjuare 
in(rhc<<;  then  the  atmo«])}uric  ]»rossure  on  each  sfiuarc  inch 
will  Ix.*  aWnit  lo  lbs.,  and  therefore  the  whole  pressure  of  the 
atmosphere,  tending  to  keep  th(»  cups  togetlier,  will  be  10 
times  I.)  lbs.,  or  loO  lbs.  In  this  case,  therelbre,  it  would  require  a 
weight  of  1.10  11  IS.  to  separate  th--  i:ups. 

Exp.  {.  Tie  the  month  of  a  Uttlc  flaccid  bladder;  place  it  beneath 
the  r(vci\er  of  an  air  pnnip;  t^xhanst  the  air  from  the  receiver;  the  air 
within  th'»  blKld.T  irr.ulually  exivm'ls(thc  pressure  of  the  air  within 
the  nveivcr  lH?inir  reinnvi'd^  nntil  the  bladder  l)eeome8  completely  difl- 
tmdid  :  allow  the  rxt'Tnal  air  to  rnter  tlie  reeeivcr  by  turning  the 
scTT'w  K.  (s<H'  F'i«_r.  'js  :)  thoJ)l:ifVl.T  bo(om«^  >hrivell«*d  up  as  at  first. 

Exp.  •').  Pnt  a  u'lass  l)nlb  B,  blown  at  the  end  of  a  tube,  into  a  bottle 
of  water,  as  shown  in  the  ficrure ;  place  them  beneath  the  receiTer  of 
the  air  pmnp  ;  exhaust  tlie  air  from  the  receiver ;  then,  as  the  exhauttiea 
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Fig,  33. 


goes  OD,  the  air  in  the  bulb  will  rise  in  bubbles  through  the 
water,  so  that  the  air  in  the  bulb  ^ill  become  rarefied,  as  well 
as  that  which  is  in  the  receiver.  Whan  the  bubbling  has 
ceased,  allow  the  external  air  to  enter  the  receiver  :  the  water, 
from  (he  atmospheric  prcRKUie,  rushes  into  the  bulb,  and 
nearly  tilla  it. 

Exp.  6.  A  small  bottle  containing  a  bulMe  of  air  is  sunk  in 
a  deep  vessel  filled  ^-ith  water,  as  in  the  accompanying  figure; 
place  the  vessel  beneath  the  receiver  of  the  air  pump,  and  ex- 
haust the  air :  the  bottle  rises  in  the  water ;  allow  the  air  to 
enUT  the  receiver :  the  bottle  sinks  to  the  bottom ;  and  so  on. 
Foi  an  explanation  of  this  experiment,  sec  Exp.  3,  Art.  13. 

£.=.7>.  7.  A  represents  a  rcciiver,  open  at  the  top,  but  which 
is  cliis-.  •.  air  tight  by  the  perforated  cork  A:,  an  *  r^aromcter  tube  *^* 
•  6 ;  c  is  a  cup  of  mercur\',  into  which  the  open  extT:>mity 
of  the  tube  a  b  nearly  d\\i».  Exhaust  the  air  frc-><  ihe 
receiver ;  deprom  the  tube  a  b,  so  that  its  fxtremity  muy  be 
immersed  in  the  mercury ;  allow  the  ^  Tiial  air  t  .  i.ccr 
the  receiv«?r :  thi*  mercury  mounts  up  ;  ne  tube  a  b  very 
Bcarly  tn  the  height  of  30  inc-Iics. 

This  expcrimo.it  clearly  Hhows,  that  mercury  is  sustained 
in  the  1- jvmeter  tube  by  the  pre^si.ze  of  the  utmo^phere 
alone,  and  not  by  any  imnfrinary  pri::.i:>>,  8uch  »s  smtion 
or  tuif lire's  horror  a  ''acuuutt  as  the  i.:  .icnt  philcxophers 
supivjsivd      (St     ...1.10.) 

Jirp.  i. .  llie  ajcompan\'ing  figure  rcj  iv-scnts  a  piece  of 
ap]viratus  for  pn>ducing  a  fountain  in  a  vitcuunu  A  brass 
\i\*'  at  pusses  tiirough  a  smooth  plate  P. :  this  pipe  has  a 
rtup  cock  at  C,  and  a  jc-t  at  its  upper  extremity  e ;  R  is  a 
tall  gla*i»  r'fceivi./.  >tanding  on  the  plat  ',  from  wh*  ;;  :he 
air  may  be  withilrawn  by  screwing  the  extremity  a  of  the 
pipe  into  the  hi.e  of  the  air  pump  plate.  When  the  air 
ha^  lieeii  withdra^-n  from  the  receiver  i;.  it  Ijecomes  fixed 
to  the  plate  B  ;  the  stop  cork  C  is  then  clo-sed,  and  the  ap- 
porativi  is  unscrewed  from  the  pump.  Now  phm^c  the 
cxtn-mity  a  of  the  pipe  into  a  vessel  of  water;  open  the 
to*k  < ' :  the  water  rises  in  a  iK-autiful  jet  witliin  the  receiver. 

Exp.  0.   To  transfer  a  li(|uid  from  one  bit-      f^ 
tie  to  another,    llie  bottle  A  contains  some      [  . 
cfi!f»rr-d    liquid;   the  l)ent   tube  A   a  6  B,       y  ^ 
nii'  hinjf  nearly  the  bottom  of  the  IxittlcN,  is    f  tfj 
fitted  air  tight  to  the  neck  of  the  Iwttl"  A,     5v^-'S  ^ 


but 


freely  through  the  neck  oi  the 
10« 


Fig.  37. 
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other  one.  Place  this  apparatus  under  tlie  receiver  of  the  air  pump»  and 
exhaust  the  air :  the  liquid  parses  from  A  to  B,  from  the  elasticity  of 
the  air  in  the  former.  Now  admit  the  air  into  the  receiver  :  the  liquid 
returns  to  the  bottle  A. 

Exp.  10.  Place  a  shrivelled  apple  beneath  the  receiver  of  the  air 
pump ;  exhaust  the  air :  the  apple  gradually  becomes  plump  and  rounded, 
from  the  expansion  of  the  air  within  it.  Admit  the  air  into  the  rocciTer : 
the  upple  becomes  shrivelled  up  as  at  first. 

Exp.  11.  Place  a  glass  of  beer  beneath  the  receiver;  exhaust  the  air 
from  it :  the  beer  foams  up  and  appears  quite  brisk,  from  the  escape  of 
carlx)nic  acid  gas  which  is  in  it.  Now  admit  the  air  into  the  receiver; 
the  bubbling  ceases,  and  the  beer  api^*ars  tiat  and  dead. 

Exp.  12.  To  show  that  air  is  contained  in  the  pores  of  solid  sub- 
stances. Put  a  piece  of  beet  root,  or  any  ix)rous  substance,  into  a  vcBBd 
of  water,  and  place  it  beneath  the  receiver  of  the  air  pump ;  then,  upon 
exhausting  the  receiver,  the  beet  root  becomes  covered  with  Uttle  globuks 
of  air,  which  at  once  disappear  when  the  external  air  is  readmitted  into 
the  receiver. 

Exp.  13.  The  pressure  of  the  atmosphere  will  fbrc-e  mercury  through 
the  ix)res  of  wood.  The  metal  plate  a  a  is  made  to  fit  the 
top  of  a  receiver ;  this  plate  has  a  hole  passing  through 
it,  into  which  is  fitted  a  w(KKlen  cup  b.  Place  the  plate  ** 
and  cup  uix)n  the  top  of  the  rec^'iver ;  fill  the  cup  6  with 
mercury,  and  exhaust  the  air  ftom  the  receiver:  a  fine 
shower  of  mcrcur\'  faUs  into  the  receiver. 

Exp.  14.   In  highly  rarefied  air,  a  feiUher  falls  cm  qitickly  03  a  guinea, 

A  is  a  long  receiver,  placed  uix)n  the  plate  of  the  air 
pump;  a  is  a  metal  plate  c<)vering  the  top  of  the  receiver; 
8  s  are  two  flaps,  susjKiidrd  fn>m  the  ]>late  a,  on  which  the 
feathtT  and  coin  are  l;iid ;  tlie  wire  r  pu»cs  through  the 
l)late,  and  carries  a  stii|;re,  with  two  notches  in  it,  at  the  lower 
end,  for  sup]x>iting  the  fiajis.  Having  tumcKi  up  the  flaps, 
place  the  feather  and  coin  uix)n  them ;  exhaust  the  air  from 
the  re<(ivrr ;  turn  the  wire  r  until  the  flaps  slip  down 
thn)ui;h  the  notchis  in  the  stape ;  the  feather  and  the  coin 
dn)p  at  tlu^  same  instant,  and,  fiilling  with  e(}uid  velocities, 
they  rcacrh  the  bottom  of  tlic  rcveiver  in  the  same  time. 

Exj>.  1.3.  -tVir  results  the  motion  of  machinery.  Here  a 
and  f)  are  two  wheels  of  the  same  size,  turning  on  separate 
axes;  but  the  vanes  of  a  cut  the  air  edge^vL»e,  while  the 
vanes  (if  h  strike  it  breadthwise;  by  suddenly  rtusing  or  dcprc«?ing  the 
rod  (i  a.  a  i-jipid  rotatory  motion  is  j;iven  to  the  two  wheels ;  this  rod 
parses  tlux)ugh   an  air  tight  stufiing  box   r,  placed  at  the  top  of  the 


Fig.  38, 
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receiver  R.  Let  motion  be  given  to  the  wheels 
when  the  receiver  cuntuins  air :  the  wheel  6  stops 
much  boouer  thuii  a.  Now  exhaust  the  receiver, 
and  then  set  the  wheels  in  motion ;  the  wheels 
continue  to  move  for  a  much  longer  time  than 
they  did  in  the  air ;  and  moreover  they  stop  at 
the  same  instant. 

Exp.  16.  Smoke  falls  in  rarefied  air.  Blow 
out  a  candle,  and  put  it  under  a  receiver ;  the 
■moke  rises  to  the  top.  Partially  exhaust  the 
air  from  the  receiver ;  the  fonoke  descends  in 
the  fluid  f^pcdfically  lighter  than  itself. 

Exp.  17-  Weighi-d  in  the  air,  an  ounce  of 
cork  is  heavier  than  an  oimce  of  lead.  Balance  a  piece  of  cork  and 
lead  in  a  small  pair  of  scales;  place  them  beneath  the  receiver,  and 
exhaust  the  air;  the  scale  on  which  the  cork  is  put  plainly  preponder- 
ates. This  shows  that  the  air  exerts  a  greater  force  of  buoyancy  on  the 
cork  than  it  does  on  the  lead. 

Exp.  18.  Sound  is  not  transmitted  through  highly  rarefied  air.  To 
•how  this  important  fact,  a  bell  muft  be  placed 
upon  some  bad  conductor  of  sound,  such  as 
wool  or  hone  hair,  to  separate  it  from  the  plate 
of  the  air  pump ;  and  the  apparatus  must  be  so 
contrived  that  the  clapper  con  be  made  to  strike 
the  bell  without  allowing  the  external  air  to 
enter  the  exhausted  receiver.  In  the  accom^m- 
nying  figure,  R  represents  the  receiver ;  a  the 
bc'll«  standing  on  the  horse  hair  cushion  g ;  cb 
the  clapper,  which  may  be  agitated  by  the  lever 
A,  attached  to  the  rod  h  k,  passing  through  the 
RtuifiTig  box  9  at  the  top  of  the  receiver.  Before 
the  air  is  withdra\%'n  from  the  receiver,  let  the 
dapper  be  agitated,  to  show  that  the  sound  of 

the  bell  is  distinctly  transmitted  throujrh  the  air  in  the  receiver.  Now 
let  the  air  be  exhaa-ted,  and,  during  the  process,  let  tlie  clapper  be  agi- 
tated from  time  to  time ;  the  sound  l)ecomes  more  and  more  feeble,  until 
it  cta!<«  altngfiher. 

Exp.  19.  Water  boils  ot  a  much  lower  tonipcrature  in  rarefied  air. 
Place  some  hot  water  beneath  the  receiver,  and  exhaust  the  air :  the 
water  boils  \-iolenily.  Admit  the*  air  into  the  receiver ;  the  ebullition  in 
a  moment  ceases ;  and  no  on. 

Ht-nce  it  is  that  water  l>oils  at  a  much  lower  temperature  at  the  top 
ol  a  mftHPtivn  than  it  does  at  the  level  of  the  sea. 
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PNEUMATIC   AND   HYDRAULIC   MACHINES. 

TJie   Common  Pump. 

21.  The  accompanying  figure  represents  a  section  of  the  omninon 
suction  pump.  A  C  is  a  cylinder  or  barrel,  in 
which  a  piston  P  is  moved  up  and  down  by 
means  of  a  piston  rod  K,  attached  to  the  ex- 
tremity of  the  lever  R  H  of  the  first  kind.  In 
the  piston  is  a  valve  v  lifting  upwards ;  and  at 
the  bottom  of  the  barrel  is  another  valve  V,  also 
lifting  upwards.  A  B  is  a  pipe,  passing  from 
the  bottom  of  the  barrel  into  the  well  from  which 
the  water  is  to  be  raised. 

The  first  effect  of  the  motion  of  the  piston  is 
to  clear  the  barrel  and  pipe  of  air ;  at  the  first 
upward  stroke  of  the  piston,  the  ah  'i  the  p''pe 
A  B  expands  and  enters  the  barrel,  and  being 
thus  rarefied,  exerts  less  pressure  upon  the  water 
in  the  pipe ;  the  consequence  is,  that  the  pressure 
of  the  external  air  forces  a  portion  of  water  into 
the  pii>e.  Now,  in  the  douTiward  stroke  of  the  piston,  the  valve  V 
closes,  while  v  opens  and  allows  the  air  in  the  barrel  to  escape,  so  that 
there  is  now  a  much  less  quantity  of  air  in  the  pipe  than  there  was  at 
first ;  at  the  second  upward  stroke,  therefore,  the  air  in  the  pipe  is  still 
further  rarefied,  and  thus  an  additional  quantity  of  water  is  raised  in 
the  pipe  by  the  pressure  of  the  external  air  ;  proceeding  in  this  manner, 
after  a  few  strokes,  the  water  is  raised  into  the  barrel,  and  then  another 
kind  of  action  takes  place. 

In  a  do\%'nwaid  stroke  of  the  piston,  it  plunges  amongst  the  water  in 
the  barrel  of  the  pump ;  the  valve  V  closes,  and  the  valve  v  opens,  and 
allows  the  water  to  i)ass  to  the  upper  side  of  the  piston.  In  an  upward 
stroke,  the  valve  v  closes,  and  the  valve  V  opens,  and,  by  the  pressure 
of  the  atmosphere,  the  water  follows  the  piston  in  its  ascent,  whereas 
the  water  alxjve  the  piston  Is  pushed  before  it,  and  thus  the  fluid  is  dift- 
charfjjed  in  a  stream  at  the  mouth  C  of  the  pump ;  and  so  on  to  any 
numbLT  of  strokes. 

If  a  perfect  vacuum  were  formed  by  the  pl««ton  as  it  ascends,  the  water 
would  be  raistxi,  on  an  averai^c,  to  the  heii^ht  of  34  feet  above  the  level 
of  the  water  in  the  well,  which  is  the  lieight  of  a  column  of  water  cal- 
culated to  balance  the  average  pressure  of  the  atmos^ihcre.* 
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TJie  Common  Forcing  Pump, 

22.  Thifl  pump  raises  water  fiom  the  well  into  the  barrel,  on  the  prin- 
ciple c^  the  suction  pump  just  described,  and  then 

the  prewure  of  the  putton  on  the  water  elevates  it 
to  any  height  that  may  be  required. 

Here  P  is  a  solid  piston,  working  up  and  down 
in  A  barrd ;  V  a  valve,  lilting  upwards,  placed  at 
the  top  of  the  pipe  descending  into  the  well ;  v  a 
Tslve,  also  lifting  upwards,  placed  in  a  pipe  D, 
which  conveys  the  water  to  the  cistern. 

In  a  descending  stroke  of  the  photon,  the  vulvc  V 
clofles,  and  the  valve  v  opens,  and  the  wutcr,  lx*ing 
pressed  before  the  pifiton,  is  forced  up  the  pi2)C  D  to 
the  higher  level  required ;  on  the  contrary,  in  an 
ascending  stroke,  the  valve  v  closes  by  the  pressure  of  the  external  air 
and  the  water  in  the  pijxj  D  ;  the  valve  V  opens,  and  the  water  rises  into 
the  barrel  of  the  pump  by  the  iMxssure  of  the  atmot^herc  on  the  water 
in  the  well ;  and  so  on  to  any  number  of  *strc»ke8. 

The  Forcing  Pump  with  an  Air  Chamber. 

23.  This  engine  merely  difTcrs  from  the  prece<ling  one  by  having  an 
air  chamber  e  cv  connected  with  the  vertical  pipe  D. 
This  air  chamber  is  a  closed  ve«el.  having  the  pipe 
D  desc-ending  into  it,  and  a  valve  v  opening  and 
ckKdng  its  communication  ^nth  the  barrel  of  the 
pump.  AVhen  the  pbtton  P  dtseeTid*^,  the  water  is 
forced  through  the  valve  v  into  the  air  chamber,  so 
that  ai»  »xm  as  the  watcT  rises  above  the  lower  ori- 
fice of  the  pipe  D,  the  air  in  the  upper  part  of  the 
chamber  is  contrarted  or  compressed  ;  and  thi**  com-  k 
prewion  of  the  air  causes  it  to  exnt  a  continuous 
pressuic  upon  the  surface  of  the  water  in  the  cham- 
ber, which  forces  the  fluid  up  the  pipe  D,  and  thus  a  constant  discharge 
into  the  dftem  w  sustained.  In  the  common  forrincj  pump,  the  water 
is  only  divhargod  at  each  downward  stroke  of  the  piston,  wht  reas,  in 
the  jmsent  case,  the  pressure  of  the  air  in  the  chamber  sustains  the  dis- 
charsc  thronph  the  vertical  pipe  D,  during  the  inter\'als  taken  up  by 
the  upward  strokes  of  the  jM'iton. 

The  great  defect  of  this  engine  is  as  follows  :  after  the  pump  has  be<?n 
tome  time  in  action,  the  air  in  the  chamber  becomes  alisorboil  bv  the 
water  passing  through  it,  so  that  at  len^h  it  is  found  that  nearly  all  the 
air  at  first  in  the  chamber  has  passed  away  with  the  water  discharged 
by  the  pumpb 
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Douhle-actlng  Pump. 
24.  This  pump  is  dccdgacd  to  remedy  the  defect  of  the 
It  is  Bimply  a  double- acting  forcing  pump,  mmilar  i': 
that  dosciibtHl  in  Art  22.  P  ia  a  ^oUd  piston,  nhicii 
moves  up  and  down  in  a  cylindeT  ■.  the  rod  of  thi» 
piston  pa'sea  through  a  stuffing  bo^  at  8  for  the  pur- 
pose of  keeping  the  cylinder  air  tight.  On  the  op- 
poriile  sidta  of  the  cylinder  are  two  pipes,  A  B  and 
C  I) ;  whero  A  U  dtscciids  into  the  well,  and  C  D 
conveys  the  water  to  the  reservoir.  There  are  four 
vulvcs,  o,  b,  e,  f,  opiaiing  and  cl<ising,  as  the  case 
may  be,  the  communieatiun  of  these  pipes  with  the 
cylinder.  These  valves  all  lift  in  thcsamc  direction, 
that  i.%  to  the  right.  Suppose  the  cylindtr  and 
pipes  filled  with  wuter ;  then,  in  Qti  upword  ttroke 
of  Ihc  piston,  the  vuivw  n  njid  r  are  opened,  and  c 
and  6  arc  tlos.'d:  the  water  ia  forecd  by  the  piston 
thiuugh  the  valve  c.  and  then  up  the  vertical  pipe 
CD;  at  the  same  time  the  water,  !>y  the  atmospheric 
pressure,  ri'cs  up  the  pipe  A,  and  opening  the  volvc 
a,  follows  the  piston  in  its  ascent :  on  the  contrary,  when  the  piMoo 
descends,  the  vnlviis  n  and  «  are  closed,  and  c  and  b  arc  opened ;  the 
water  Li  then  foti^cd  through  the  vulve  e,  up  the  vertical  pipe  C  D,  and 
the  water  tVom  the  well  enters  the  cylindot  through  the  valve  6,  and  M- 
lowa  the  piston  in  its  diseciit ;  and  so  on  to  any  number  of  strokes. 


Fiff.iS. 


TTie  Fire  Engim 

25.  Thi"  mpnc  is  wmply  a  combina-  ij.;: 
tion  of  two  forcing  pumps,  having  a 
common  air  chamlier,  II,  and  the  same 
suction  pipe  F  descending  to  the  wattt 
intended  to  Fupply  the  engine.  (See 
Art.  i'l.'i  'Die  l>eara  A  B,  turning  on 
its  centre  of  motion  K,  works  the  two 
pistons  ( '  and  D ;  «>  thnt  while  the  one 
b  d'-u-erdiii;;.  t];e  othiT  is  owcnding, 
thiTchy  kcqiin;-  up  ii  <-<inIinii(iiis  flow  of 
wat.T  into  tb.c  ;iir  ih.iuihii  H,  A  flcx- 
ilile  tube  ■-  I,  of  le:Hln  r,  enlltil  a  hoK,  is 
attmheil  to  the  din har;;e  pijV',  to  enalilo 
the  engineer  to  direct  the  stream  of  water 


B  BDj  ptulicuJar  spot.    The  degree  of  compreasion  attained  by  the 
*  ifr  in  the  cliuober  Rgulatca  the  velocity  with  which  the  water  is  pcD- 
Jodal  bam  the  noutUi  I,  at  the  huso. 

U.  lor  nunplv,  tlif  wr  be  Mucaprecscd  to  one  half  its  an^ol  bulk, 
than  U  will  Kt  upun  Ihf  surface  of  Ihc  WHIer  io  the  chombfT  with  a 
|in—liii  Dqiinalent  to  thnt  i>t  the  ntiucicphei^,  and  the  water  would  be 
niirrt  in  the  fipe  i  to  the  height  of  abcnit  34  feiTt,  or  i{  vrould  be  jnv- 
jtrtnl  tnaa  tbo  nozzle  I>  witli  a  velocity  equsl  to  that  which  a  body 
u.>uld  icfiiiErc  in  £i1Iiiig  &ccly>  bj  the  force  of  gravit}'.  irom  tbiit  lujght. 
•«  Alt  »I.) 

7%e  ffi/ilroitnlic  Prtta. 

M.   Tile  prfnrfplc  on  winch  ihe  powtr  of  this  engine  d 
tno  e[[diunci]  in  the  tieotiHe  on  Hydrostatite, 
Art.  H  ;  it  onlj  rcniaiiu,  tbordbrE.  fbt  lu  to 
notice  ■Dme  rontriTuicee   connected  with    its 

,.mioti.    U  C  is  a  lever  of  tlw  !<ecrjnd  kind. 

.1  111115  "'  '^  ^tA  centre  C,  which  works 
.  r .  liiiiin  j9  of  the  nnall  cylinder :  P  is  the 
HTy  |ii<ton,  which,  by  ascending,  tainprcuce 
It—-  toMeiul  S  placed  between  the  pt«9 
bank  j  A  i*  ■  pipe  proceeding  from  the  Irat- 
(n^  <i  tbe  null  cylinder  to  a  ctstoxi  of  watei : 
T  1*  B  Tulic  lifiing  upwaidit  phu.-cd  al  tbe  bip 
tt  thi*  pif:  fl  ii  ■  valre,  opening  to  Ihe  left, 
plaonl  in  tlM  pipe  wl 


dipends  has 


Fig.  47. 


J  stroke  of  the  piston  p,  the  valve  V  doses,  and  the 
nlvo  ■  opens,  and  the  watxz  \»  forced  into  the  targe  cylinder,  which 
exuBBi  thv  [Btlon  V  to  ascend  and  conipnSH  the  material  K ;  on  the  othir 
hMuL  in  on  lMC«udlu£  stroke  of  the  {witan  p,  the  valve  i>  closca  by  the 
juMMirv  rf  Ihe  water  in  the  Urge  cylitvder ;  tbe  valvo  V  opoia  ami 
aiknaftsh  aupply  of  wata  to  oitcr  th«  mull  cylindv;  and  10 on,  rb 
Jm  dw  wminiwi  foicing  ptitnp  desiibod  m  Art.  22. 


^Ki 


hydraidie  Ram, 


m«  Agant  and  okAiI  a 

viA  ^Tantatce  where  thixe  is  on  abundcmt  supply  of  water  with 

it  tUs  engine  depcods  upon  the  'gnax  force  which  U  pro. 

lodj  la  niockai   niddmly  mccti  with  on  obstacle. 

I]r  of  wHa  aajiURa  motion  in  its  descent  thtvugh  on  inctiiiDil 
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pipe  A;  and  the  outlet  A, 
upon  being  suddenly  closed, 
allows  the  motion  accumulat- 
ed in  this  body  of  water  to 
exi)end  it.sclf  in  forcing  some 
ol  the  lluid  in  %he  pipe  B  into 
an  Jiir  chanil)cr  rf,  whence  it  ^9*  ^* 

is  railed   by   the  pressure  of 
the  air  in  the  chamber  to  any  proposed  elevation. 

A  is  an  inciiued  pipe  conducting  a  stream  of  water  finom  a  reservoir; 
B  a  lK)ri/.«)ntal  iwrtion  of  this  piix?,  having  a  valve  e  opening  into  the  air 
diaiulKT  d;  a  Ls  a  heavy  vaive  which  closes,  when  it  is  lifted  upwards, 
till-  ontlit  of  tlie  water  at  k ;  tliis  valve  is  so  heavy  that  it  descends  in 
thc(]uii.>cent  tlnid  by  its  own  weight,  thereby  opening  the  outlet  at  k^  at 
ihi»  same  time  it  is  capaldc  of  being  lifted  up  by  the  impetus  of  the 
water  as  it  rusjies  out  of  the  ©iieiiing  k  with  the  velocity  acquired  in 
descending  the  inclinc^d  pipe  A. 

llie  valve  a  being  first  oimn.d,  tlie  water,  rushing  out  of  the  orifice  k, 
at  length  actjiiires  a  velocity  sufficient  to  drive  the  valve  a  upwards, 
thrreliv  do^iiiu;  the  orifice  k ;  the-  current  of  water  through  ft,  being  thus 
suddenly  che(;kc*d,  exixinds*  the  motion  accumulated  in  it  in  fbrdng  some 
of  the  fiuid  through  the  valve  v  into  the  chamber  d.  Now,  when  the 
watcT  has  Ixjcorne  quicacenl,  the  heavy  valve  a  descends  by  its  o\ni  weight 
and  openi>  the  orifice  k  ;  the  wulcr  agaui  rufihes  out  of  the  orifice^  and  so 
on  as  already  described. 


Herd's  Fountain. 


8.  The  jet  in  thw  fountain  is  produced  by 
the  force  of  compressed  air.  a  and  g  are  two 
vessels  imitcd  by  means  of  pijx^s ;  the  pipe  e  f^ 
proceeding  from  the  basin  n  o,  descends  nearly 
to  the  bottom  of  the  lower  vc^a»el  g ;  the  pipe  h  A-, 
passing  fii)in  the  top  of  the  vesM.4  </,  nearly  reach- 
es the  top  of  the  vessel  a ;  the  jet  pipe  d  c  dips 
into  the  watcT  in  the  vc-ssel  ^,  and  rises  alxive  the 
basin  n  o.  IjCt  us  now  see  Iww  the  fountain 
acts.  The  jet  cock  h  bcnng  taken  off,  water  is 
ptmred  throuqh  tlie  pipe  d  into  the  vessel  a  until 
it  reaches  the  level  /  m  ,•  the  dish  n  o  Ls  then 
filled  with  water,  which,  descending  through  the 
])iix*  f? /",  c^nnpn'sses  the  air  in  the  vessels  g  and 

the  stn])e<Mk  h  King  now  opened,  the  com- 


^t 


pre>sed  air  fon-es  the  water  up  the  pipe  d  c,  aud 
thus  the  jet  c  is  produced. 


Fig.  49. 


PMZnKATICB. 

ITie  Siphon  Fountain. 
29.  The  action  of  this  fountain  depends  upon  the 
prinriple  of  the  dphon.  Ita  construction  a  aa  fbtlowi : 
A  ii  a  glan  receiver  which  fit*  closely  to  the  plate  B, 
thmugh  which  two  tube*  n  m  uid  <  r  pa£8 ;  the  lower 
extremity  n  of  the  tube  n  m  'a  imnurted  in  water,  and 
its  upper  extremity  m  riiics  within  the  receiver  A ;  the 
lower  extremity  <  of  the  tube  t  i  descends  below  the  sur- 
face of  the  water  in  the  vcsoel  n.  To  »how  the  action  of 
the  fountain,  invert  the  apparatus,  and  pour  a  little 
watiT  through  the  tube  i  r  into  the  receiver  ;  cIon:  the 
apoture  <  with  the  finger,  and  pJacc  the  apparatus  in  the 
imeition  shoim  in  the  figure.  Now,  as  the  column  of 
vater  in  r  f  is  longer  than  it  is  in  »  n.  on  the  principle 
of  the  riphon.  Art.  1 1 ,  the  water  flows  from  t ;  but  this 
occasions  the  water  to  fall  in  the  receiver  A,  and  hence 
the  air  in  the  itetiva  is  rarefied  ;  the  presBure  of  the  cx- 
tamol  air  on  the  water  in  the  vessel  »  forccc  the  fluid  up 
the  tube  »  m,  and  thus  a  jet  is  formed  within  the  re- 


DIFFUSION    OF   GASF.9. 

30.  By  thb  property  is  meant  the  tendency  which  nirs  c 
gases  baTe  to  intennix  witU  each  ulher,  witliout  regard  I 
their  densities. 

Expebime;!tb. 

Erp,  1,  Take  a  bottle  of  carbonic  acid  gas,  and  invert  a  sim- 
ilar bottle  of  common  air  over  it ;  then  ahvr  a  few  minutes  the 
carbunic  acid  gas  will  be  equally  difluscd  through  the  tno  vis- 
•els.  Here  the  cwlxmic  acid  gas,  which  is  1^  times  heavier 
than  common  air,  lita  into  the  upper  vessel  in  opposition  to  its 
graritr. 

Ejp.  2.  lie  a  piece  of  bladder  over  one  end  of  n  wide  tube, 
fill  it,  over  water,  with  hydrogen  go-s  and  allow  the  tube  con- 
taining the  gas  to  stand  for  a  few  miuuten.  The  water 
gradually  lise  in  the  tube,  apparently  in  opjiKition  to  gravity. 
H01V  from  the  prinriple  of  diffiifiivontsfl,  the  hydrngcn,  bluing  thinner 
than  atmospheric  air,  CMapra  from  the  tube  thniUKli  the  fine  (lores  of 
the  bladder  more  rapidly  than  the  external  air  uii(iT!<  into  it :  the  conitc- 
qiuDM  i>i  that  the  provure  of  the  atmoephcn:  forces  the  water  up  the 
11 
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tube  to  fill  tho  void  which  would  otherwue  be  fonned.  In  this  esp> 
ment  the  diifuKiveiKsii  nf  gaam  appears  to  atl  on  a  siinilar  priiiciple 
that  of  cndotimoBe  and  eioamiiHe,  cxplamed  at  page  HO. 

81.  The  principle  of  the  difl'uaivenesB  of  gnsas  i»  of  Tiiat 
importance  in  ibe  emnoraj  of  nature.  For  exampk 
pheric  air  is  chiefly  n  mixture  of  two  gases,  oxygen  and 
nitrogen ;  but  they  are  bo  completely  difluaed  in  the  Bimoft 
phere,  tlrnt  every  wlicrc  we  find  tliem  mixed  la  Uifl 
relative  proportion  a. 

LIQDEFACTtOK   OP   OASES. 

32.  Some  gaseous  bodies,  when  under  great  pressure  and 
cold,  are  found  to  aasunie  the  liquid  form  :  Ibr  example,  a 
bonic  odd  gas  becumci)  a  liquid  when  subjected  la  the  pressaH 
of  about  forty  atmospheres;*  and  chlorine  ga^  bevomee  ft 
liquid  at  a  much  lower  pressure.  Bui  there  are  some  gaaee, 
Buch  as  atmosplieric  air,  which  lis»e  hitherto  re: 
attempts  to  liquefy  them ;  such  gases  are  called  jjermaneiUlU 
elastic  fluids.  ^ 

ACOUSTICS,  OR  THE  SCIENCE  OF  SOUND. 

33.  The  atmosphere  is  the  usual  medium  through  n 
sound  ia  conveyed  to  the  ear. 

(1.)    Sound  is  beard  when  any  sudden  ehock  or  impoM 
occurs  in  a  body  having  communication,  tlirough  the  air 
otherwise,  with  the  ear. 

Common  inMances  of  a  Bingle  impulee  are,  tlie  blow  fiom  ■  lunm 
the  clap  of  the  hands,  the  crack  of  a  whip,  a  pistol  shot,  or  waj  < 
pknoD. 

(3.)    Impulses  quickly  repeated  cannot  be  eeparatelj  i 
tended  to  by  the  ear ;  and  hence  they  appear  as  one  coaii» 
ued  sound,  of  which  the  pitch  or  lone  depends  on  the  ni 

*  Caibonic  add  tias  ersn  been  tnuught  to  Ihe  ujlid  tana. 


f  a  wbO  with  tcclb  be  made  to  tum.  and  lo  strike  ■  piece  of  qaill 
b  cforr  tnAh.  U  will,  irhcn  moved  tiawig,  aUon  evoy  tootli  to  be 
■ad  citry  bbw  to  be  wpantdy  heuid;  but  increase  the  Tdodty, 
■ad  the  eyo  will  loee  aight  of  the  individuiil  teeth,  and  the  ear,  neMiDg 
to  pcnniE  the  Kporsti:  bkiwa,  will  at  but  bear  odIji  b  imoDtb,  continii. 
KB  inBtul.  cbUhI  a  tou,  of  which  the  chaiaeta  will  chnnge  with  the 
■doeiljr  of  the  wheeL 

(3.)    ^VIiOD  annaroua  bodies  (sucb  as  glass,  bell  metal,  the 

lag  of*  TioUti)  are  siruck,  a  treniuloue  or  vibratory  motion 

t  plune  in  the  body  ;   and  this  vibratory  motion,  being 

i  apon  the  air,  is  rranstnitted  to  (he  drum  of  the  ear, 

lAaaog  the  Mwsatiou  of  sound.     The  followiog  simple  ex- 

'    pcriioaits  abow  tliai  aooorouB  bodiex  have  this  property  :  — 


>.  L   If  a  hell  be  itmck,  its  tremulous  mnllon  may  be  felt  by  gen- 
it  with  the  finger.    When  the  fing^  is  pressed  against  the 
K  tb>  Rtnmd  ii  alojiped,  becoufic  the  vihrDtkina  of  the  bell  arc  intir- 

lb  3.   Attifh  «  annll  pieeeof  «irk  by  a  ■tring  to  a  bell ;  Miike  the 
f  llir  cak  fifaralfa  with  the  bclL 

.   Strikii  a  nmin;  fork ;  touch  the  Buriace  of  some  m'Tniiy  with 
d  of  the  fcrk  :  the  nirfuce  of  the  men?ury  exhibits  little  uiiduln- 

.   S|nnlcle  some  &ae  wnd  orei  a  square  piece  of  window  gbi«; 

■  it  flnnly  by  means  of  m  paii  of  plicrsi  and  draw  a  violin  bow  down 
:  the  und  ia  put  in  motion,  and  finally  eetilcs  itself  in  those 

■  cf  iba  glut  which  have  the  lean  vihratixy  motion.     By  changing 
)t  by  wbiih  the  plate  in  held,  or  by  Tarring  the  parts  to  which  the 

B  bow  is  applied,  tlie  saad  may  be  made  to  &»ume  different  bcautt* 

All  fonoroud  bodips  are  plastic ;  and  tbe  pitch  of  the 
I  wbieli  tbey  f^mit  depends  upon  the  number  of  vibrations 
It  tli«j'  pufonii  in  a  gtvp.n  time. 

il  nuiidf  1h«  TibratbiD*  of  the  nnanraa  bodia  an  ngukr, 
■  niilrlity  uf  ibdr  vibcMiaM  muHD*  ntF^ihutpiL    Tba 


^ 
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frequency  of  vibtntianf  in  Etiings  incrcoats  with  ttinr  Imtion,  lAirinH 
and  lighM'u,  By  tightening  thr  string  of  a  viulin  tliv  jiiich  of  the  do 
ii  raiici],  and  the  same  rStxl  ie  produwd  by  Hli(ir1«ni»t{  thr  iiUita|>j  i 
hnlli  i;iiB«H  the  string  is  nu>de  lo  vilsstc  ijuicker.  Tho  jutch  oX  Uni  nd 
also  dt^iendB  npon  the  thicluiw  oT  the  string ;  for  example  Hm  iMum 
■Dings  in  the  violin  uniit  the  highest  Hounds.  In  order  to  proiluM 
iDUUcnl  Bound,  the  number  of  vibrations  pctfonned  by  tbe  MiinK  onn 
be  lew  thai)  32  per  secnnd ;  a  sOing  which  vibrates  twice  aa  Iwt  miu 
■Kite  dn  octave  higher,  and  a  njing  nhieli  vibrnlee  three  tiins*  n  U 
emits  a  note  tno  ociuves  higher,  and  ao  on.  'When  the  rtriu^  vftni 
writli  tht'  BBme  frequency,  the  torus  which  ihey  emit  arc  in  luiUroi.  Tl 
ploudnij  elTctt  of  linnnotiiouB  mmnds,  Euuh  as  thirds  and  fifUie,  It  n 
duoed  by  the  Eiiuplitity  uf  tlie  ratio  of  the  Titailiini»  [leriiimnd  ia  tl 
Hme  timej  and,  on  the  tontrnry,  the  disaKToeatdc  i^Wt  of  dlModv 
Bounds  iitsa  from  the  wool  of  thi»  Bitnplidty. 

Where  a  continued  sound  is  produced  by  impulses  wUd 
do  not,  like  tliose  of  an  elastic  body,  follow  in  n-gulai 
sion,  the  effect  ct'oaes  to  be  a  cltiui',  uuifurui  suuud  or  UKM^ 
and  is  called  a  aoitt. 

TVaitstntssioii  of  Sound. 

35,  The  experiment  of  llie  bell  in  the  enhausted  recdre 
(see  p.  115)  shows  that  a  sonorous  body  may  vibrule  i  y«l  I 
there  is  do  medium  to  trunsmit  the  vibruliaus  to  ttiv  W|  n 
sound  will  lie  produced. 

When  a  gun  is  discbnrged,  the  Gudiloi  expuuiDn  of  the  powte,  oan. 
pmung  the  air  immediately  siound  it,  pruduces  a  condnumtioii  of  H 
■ir  a  little  farther  nway ;  this  air.  by  iu  elasticity,  expandB,  and  fai  II 
tntn  prnduers  a  eondonsntion  of  the  air  beyond  it  i  and  m  rni  to  a  mc 
Mnion  of  pulnations  or  wavei  created  by  altenuile  o 


3C    D«r 


this  way  all  sounds  are  pit^gatod  thruugh  tha  « 
piilMitioiiB  or  waves  are  lommrhat  like  the  auevtNl 
nitw  whi^n  a  stone  ia  thn.wd  into  it. 

itir  b  a  tieiicr  coiiduclor  of  «ouDd  tlian  ntte  kl 


Senee  it  a  that  Ilie  soiinrl  of  a  pixtot  on  the  top  of  k  hl|{1i  mntn 
b  Miwcrly  louder  than  tlin  eraii  of  a  whip. 

The  iliMonce  at  wlurb  a  pnrticular  Kiiiud  may  be  bi'anl  de^iendi  n 
the  auto  of  (he  DtmnsplMTG  with  reaprct  in  ilFiudly,  molktiiir.  Ao.  1 
n  aecounl  of  the  dilTuienl  nubs  uf  the  atiiuwphiTc  tlial  St.  I'aid'a  d 


i*  tavd  *o  iRUcli  tarm  duliiiclly  at  one  tiinc  llian  at  juio11i?t.  In  ralm, 
dry  sir  tb»  nrjmt  nf  n  ainckft  miiy  be  heanl  at  the  ilislance  o(  five  niilca, 
•D<1  Uu  waDil  of  (iinniin  liw  bt«n  hetud  oTa-  water  ut  the  distaiwc  at 
'too  aiSiM.  lu  UiH  i'[>iii  ail  the  liuuian  «iiii;i'  muy  be  heanl  ut  the  di»> 
bmra  of  'i3l>  ynnU  ;  nnil  Ci[iliiiii  I'niry  iofdrma  ns  that  at  the  point 
ivpDOB,  wUcre  tlie  oil'  i>  dtiav  uul  dry.  a  couvcnation  may  be  i:aiTied 
an  b«t*mi  two  [«r*it»  a  milr  apiui.  The  explosons  of  tlic  Tolcono  of 
fit.  Tiaoml  «b«  heard  at  Itdcaran,  a  distance  of  3i0  rnilCE.  Tlui  i» 
t^  0TaEBa  ^hrTfifir^  on  ttooti  to  which  aound  ha*  been  conveyed  by  the 


Vtheilji  of  Sound. 

S7.   Wlk^n  a  gun  Is  findt  we  always  eee  the  flash  before 

p^ve  b««r  tlie  sound.     Now,  we  see  the  flash  almost  inabuibi- 

I'lWnUiilj':  but  miind  m)uire^  n  sensible  time  to  travel  over 

■way  particular  distance.     In  ordimiry  states  of  the  air  sound 

ttsveU  at  llio  ral«  of  1 120  feet  per  second. 

FVixB  tills  we  can  rmdil  j  calculate  chi^  diitance  at  which  a  gun  is  flred 
«lm  we  titfiw  ihv  inlcmal  of  time  which  clu|He«  between  the  Oath  atid 


Ilc4uin:d  the  diitnnc*  ft  which  a  gun  ii  Gicd  whai  the 
wtput  u  heard  three  ousjimIb  after  the  fiosh  is  tan. 

Uoc  diitiiicc  trnTcUcd  by  SQuuil  in  I  second r?  U20  feet; 

Kitana:  traialk'd  ill  3  ■LV(inil9  =  3  lima  1120  =  33S0  feeti 
wbkb  sirs  the  Ui«tauoe  rniuinxL 

In  the  KUnr  way  we  urn  find  the  diftoocc  of  lightning  tmm  UK,  by 
oUariiig  tlic  uimil'-i  uf  awundi  which  elsfiec  between  the  flush  and  the 
uBid  <tf  ihi'  tliTuiUiT.  An  the  human  pulse  v^  nearly  beats  once  in 
•TETj  mund.  »'.■  iiiiiv  always  laulily  Bnd  the  interval  between  tha  flaili 
>'  counting  thn  bcatJi  of  the  pobe. 


St!).    Solid  OS  well  an  liijuid  tuidli^ 


.  Koaiid  even  bcl- 


BxfKRlMVtNTS. 


m 

^^^K.E(]>.  I.  Btiikf  two  sbntcn  together  under  WBta :  tho  acFund  will  bt 
^^^B  Inud  as  if  tlier  hod  bent  ■track  in  ibc  nir. 

^^^V^JUfjp.  i.    HtTol.  h  thr  ruA  of  B  i"s  of  timbo  with  a  {Nn  ;  a  penon  with 
^^^T»t«t  ■(  the  "ipnil'  Hid  will  ili<ltn(-l]y  hmr  the  mnad. 

Lrp,  3.    rii^i    tlir  mil  of  D  lunjt  inm  ml  lunwtcn  tho  tci^,  while 
the  otlirr  «:.il  n.-I->  'in  the  bottom  of  a  bullow  vcaicl :  a  wliisper  uttered 

Wilwi  ihie  ooutk  (4  the  *i«tl  will  bt  lUMinctly  bmid,  though  it  woald 
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£q).  4.   Buspend  a  poker  b;  two  etringg,  and  pnM  tlie  ttnli  me 
euh  ear,  vliile  the  pok^  is  ollawed  to  hang  trvt\j ;  •triko  ilie  paktw 
CDimd  like  the  toiling  of  a  large  bell  will  be  hvtii.    Take  Uk  end*  <t 
tbi!  Miingi  &om  the  cor,  sad  the  sotmd  wiU  be  aimpanlimd^ 

Refiertion  of  Sound. 

39.  When  sound  strikca  agntDsl  aay  RxeA  eurfacv,  it  it 
reflected  from  that  surface,  and  the  angle  of  reflection  is  eqnml 
to  the  angle  of  incideoce.  This  law  of  reflection  U  the  Bon 
as  that  nbidi  lakes  pluue  with  respect  to  anv  elastic  bodies. 

lliiu,  for  example,  when  a  marble  ia  thrown  obliijtici;  on  k  bcrd  pHTt 
molt,  it  IB  reflected  ftatn  the  suilW  of  tlie  pntemmt  at  wi  tngl*  cqm 
to  the  iocideDC  angle  —  thai  is,  equal  U)  the  angle  Bt  wUvh  itmeeti  th 
nuface  of  the  pareiucnt. 

£c/ioet. 

40.  Reflected  sounds  produce  echoes. 

In  order  that  an  echo  should  be  hmrd  distinct  from  the  eound  wUch 
preduces  it,  the  nfleciiag  surfbce  mtut  be  at  Bich  a  distance  tliat  Ih* 
reflcoted  lound  would  not  be  co^lbunda)  with  the  <«iginal  aeond  p»^ 
eeeding  dirertlj  to  the  e«r.  Now,  the  human  ear  cannot  tfprodUtm 
man  than  ten  st^iarate  sounds  In  a  second  i  eo  that,  in  onler  ihil  two 
nioo^uve  entinda  may  be  distinrltf  heard,  the  interral  betwuai  than 
BiUEt  be  at  least  the  tenth  part  of  a  eecoud ;  aod,  since  wuud  tmd«  at 
the  rate  of  II2D  feet  per  tccond.  or  112  feet  io  the  tenth  part  of  a  «e> 
ond,  it  follows  tliai  the  reflected  soimd  must  ItBTel  over  112  fevt  mam 
than  the  direct  sound  in  order  that  the  echo  of  n  single  sound  a  tjlUit 
maj  be  distinctly  heard  lima  the  sound  itself. 

L«  A  be  the  plate  oft  n  person 
givinS  utterance  to  a  mnglc  sound  ; 
C  the  place  of  the  pewon  who  hears 
the  echo  i  E  P  any  wnll  or  ohntacle 
widch  (pflccts  (Jie  miind ;  A  B  the 
incident  sound  l  6  C  the  reflected 
Mund  1  B  D  D  line  perpendicular  to 
the  plane  of  the 
Rngle  A  B  D  is 
iaddmac,  and  the 
of  rdtectioti.    Ni 
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if  the  fonner  distance  is  112  feet  greater  than  the  latter,  the  person 
at  C  would  distinctly  hear  the  echo  of  a  single  sound,  as  well  as  the 
KMind  itself.  If  the  distance  ABC  exceeds  A  C  by  twice  112  feet,  the 
echo  of  two  distinct  sounds  may  be  heard,  as  in  the  case  of  the  word 
echo.  Some  echoes  repeat  several  syllables  in  succession.  There  arc  also 
some  echoes  which  repeat  the  same  word  several  times ;  this  takes  place 
when  there  are  a  series  of  reflecting  surfaces  placed  at  different  dL<:tancc8 
fitxn  the  speaker. '  When  a  lull  or  some  other  object  obstructs  the  direct 
aomid.  the  echo  only  may  be  heard. 

Whispering   Galleries, 

41.  Sound,  as  well  as  light,  may  be  magnified  by  reflection ; 
it  is  on  this  principle  that  whispering  galleries  are  constructed. 

liCt  A  C  B  E  represent  the 
wall  of  an  eUiptical  building; 
then  a  whisper  uttered  at  the  fo- 
cus a  will  be  distinctly  heard  at 
the  other  focus  h.  Here  the 
aoand  proceeding  from  a  is  re- 
flected from  every  point  in  the 
wan  to  the  point  6  ;  for  example, 
the  sound  proceeding  along  the 
fine  a  j;  is  reflected  along  the  line 
X  b,  where,  from  the  property  of 
the  ellipse,  the  angle  a  x  y  of  the 
incident  souAd  is  equal  to  the 
angle  zx  b  of  the  reflected  sound ;  and  this  takes  place  for  every  point 
in  the  ellipse.  The  form  of  the  ellipse  is  peculiarly  adapted  for  a  whis- 
pering gallery,  not  only  on  account  of  the  property  just  mentioned,  but 
also  on  account  of  another  property,  viz. :  the  sum  of  the  lines  a  x  and 
b  X,  drawn  from  the  foci  a  and  b  to  any  point  in  the  elHpse,  is  always 
of  the  same  length ;  from  this  it  follows  that  the  various  reflected  soimds 
reach  the  ear  at  the  same  instant.  The  whispering  gallery  of  St.  Paul's 
Cathedral,  in  London,  depends  upon  a  similar  principle. 

42.  The  wptaking  trumpet  is  much  used  at  sea  to  render  the  hinnan 
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vcBoe  hnrd  at  n  gnat  dUtnnce.  Wlienaword  is  spoken  at  A,  tlw* 
ni  rcHecied  from  tUffinrait  poiiita  iu  tbe  tnierior  of  the  tiumpiK,  m 
th9  snund  imi»  ftimi  the  wide  mouth  B  with  aii  aceuniulatal  Citv* 
stnmj;  man's  vcdce,  with  a  ffiod  untnuueiil,  inaj'  W  luoiU 
of  llaev  miles. 

T&e  hearmg  tmmpet  is  vvrj  usefW  to  jimoiM 
dull  of  hearing.  Da  it  BtiaUfs  thrni  to  heat  what  ia 
■poken  to  them.  Il  dr|fflnd«  upui  the  hiuic  piiad- 
[je  ai  the  ^leakiD);  t^uupe^  The  apmurc  A  ta 
placed  within  the  em  of  Ibe  denf  penun,  and  the 
euund  «nitt«l  at  B  ia  eonceatratfd  at  A  by  a  soia  p(j.  do. 

f  3.  Farther  Einnpl*!.  —  Alnvet  on;  nund  imdoccd  near  •  j 
tMe  whose  dompcra  ore  raiwd  findu  a  r^xnuive  atiiiig. 

A  hari)  or  gtiitJir  in  a  raom  with  tolkinj;  company  i> 
tiMe  with  their  eonvosatiim. 

Siivsgis  often  discover  the  approach  of  Ibotste)i!  bj  aliplying  tn 
thoeTDund, 

Umf  a  haunted  houw,  eo  ealled.  owes  its  reputmion  to  tmat  in 
caiisc  which,  operating  without,  is  mmsmittcd  to  the  oparunttit* 
bj  the  Kilid  wuIK  and  interpreted  by  the  imaginatiati  into  the 
of  gho«ts.     Even  the  beating  of  one's  own  heart,  under  ■  tunte  c 
hiut  been  OMiibed  to  a  trip  hammer  in  Bome  distant  machine  Bhop. 

Tlie  rtmnance  of  a  room  ia  irregular  and  iudiatincl  when 
eontiuns  curlains,  carpeta,  and  othtr  furniture,  or  a  crowded 
Uwde  halls  have  genindly  plain,  bare  walk. 


44.  CurreiiU  of  air,  or  winds,  are  praduceil  bj  thu  oaisiu 
difilribution  of  liettt  over  ibe  eurib.  When  tlio  sun  Ma 
over  an^  pttrtiruinr  sjtot  on  tin:  ennb.  ibe  air  imniixtinlelyon 
the  warm  groiind  ia  rarefial  by  the  heat,  and  con.ic(pictitl« 
uscenil^  while  ibo  surroundiiig  air,  being  (vwlpr  aad  bcari 
niiihL's  in  to  aiipply  the  place  which  thu  wnnn  air  hu  I 
vitetuiL  In  order  lo  show  tho  trutli  of  tim  bt!uutif\tl  Uw  d 
nature,  tint  rollowing  txperinient  mity  btt  inade  :  — 

Erp.  Moki-  a  widcinBtf^imril  tube  and  hol<I  it  b  an  lurljn'^l  p 
with  it*  ujipu'  oriiiatMat  the  |]am>  of  a  caiulla  or  1ajii)i ;  hold  a  l^bM 
plfc*  of  paper  near  tlw  Iiiwrt  otiflon  nf  the  tiilwi  and  lilc-w  it  vi 
MRoke  trim  llivpapn  it  drawn  up  llic  tuho,  and  rises  will 

in  Mil  of  ail'  proecvJing  ttiua  Ihr  toadk. 
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■)  brtttt,  which  iJuclly  occni  in  wnrm  countries.  stTord 
d  4n  imnictivc  iUiutnUiuii  of  tliu  luiuma  m  which  windi 
I31C  wind*  btaw  fnuu  tlu.'  «'■  to  llu.-  land 
rw  of  ihu  Iii3ci9  |ilace  during  Uic  niglit.   In 
e  tl)e  land  Iwcouiis  morv  huiiecl  thun  dii'  waivi.  mid  tlim 
(r  Uut  Luid,  bcs.-uniiii(;  nuviiti).  owNmila ;  while  thi:  ooiil,  denae 
ihtt  WBtei  niuh™  in  lo  9upr|jl;  the  place  of  the  rarefied  lat.     Oo 
■try,  duiiNj;  tlii^  ni^l  the  land  low*  its  hcul  mare  rniudly  than 
r,  Biiiil  oi  length  it  bwuiDcs  coola  than  tho  wnicr ;  in  this  caw, 
i«  in  truiQ  the  load  to  the  wota.    Tbeae 
wind*  tend  to  cf^uAlLsc  thi:  toupi^niture  of  ulondft  and  all  places  on  the 


re,  ths 


,  WUiiIs  ore  divided  into  three  Iciods  :   t)ie»e  % 
■t  winds,  wtiici)  ulvruys  blow  in  t)ie  eanie  dircctioii ;  the 
mmmtoom,  or  lliosu  whkli  Uow  ono  half  of  llie  year  in  ouo 
1  thci  oilier  half  is  the  contrary  dir<.-ction  i  ttie 
.■h  do  not  appear  to  follow  any  regular  law. 

II  OOXBTANT  WCIMIi  Vibich  tCK  olSO  COllfsl  TBASE  WIMIX,  OSteod 

d  Mch  udc  of  the  equator.    The  rausi?  uf  these  winds 

in  the  iniluwing  manner :  The  Bqiulorinl  pnrtion  of 

g  thi  bottenl.  tlie  cool  air  from  the  temperate  and  polar 

■  towMtb  the  equator  to  supply  the  place  of  the  hcsled  ntTi 

wtoii  ia  lluse  cm(tsnll]r  isccading ;  and  if  the  earth  were  not  to  turn 

,  it»  aii«,  tliif  would  aocmaun  two  winds,  one  blowing  directly  from  ths 

I  .  :th  prJt  tnwarda  the  Bpintor  in  the  niWicni  hemisphere,  and  tho  other 

^^Itlowlsg  brmn  the  anuth  [lole  to  the  equator  in  Che  Fouthem  hemiaphete ; 

^BbI  m  the  earth  nevolvcE  from  weit  to  i?an,  the  air  towards  the  polts  has 

^^^ka  rautoy  motion  than  the  lalid  pnrte  of  the  eoith  at  the  equator ;  n 

^^Htaeqatvllr  follows,  that  when  thi*  air  crrtiTis  aC  the  equator  it  downot 

^^&r*  with  the  wino  speed  as  the  eonK  and  thus  a  wind  blowing  from 

llu>  n^  irnnxrarj  \a  the  eartli'*  motion )  ia  produced  at  the  equator. 

Now.  ihc  air  within  the  nnrlhtrn  Irr^ie,  bcfbfe  it  reaches  the  equator, 
bM  a  twcCdd  miiunn  —  that  is  lo  tay.  it  has  its  origiaol  motion  fimu 
nortk  to  mrlli,  and,  owio^  to  the  earth's  rotation,  it  has  relatively  a  mo- 
liun  &ian  oM  lu  wurl ;  but  la  thoe  modons  take  place  at  the  fame  time, 
it  tnan  the  wind  to  lilow  &om  the  north-east,  which  is  the  direclian  of 
tlH-  trade  in  tlie  norlliim  tropic.  Rea'wning  in  the  tamo  manner,  it 
fidlnwi  that  tha  trade  wind  in  the  toutAem  tropic  muat  blow  ftnm  the 


TboB  wiirda  tend  to  vqualiie  the  temperature  of  the  globe,  and  %i 
^nuio  II*  pBcitj  of  ths  atmeiplwit! ;  Cv  wtule  the  oool  ur  of  th 


ISO      N&Tcnui.  un>  i 

polsT  and  lempisAte  n^ina  it  coeBtautly  dnmaidinf  lowmls  tin  tatU 
nme,  tli»  wnnn  ttii  or  tbsi  sine  Is  ocraianily  BKaiiluig  oBfl  niori^t 
towards  thu  piiLtr  wid  t«ini>criitc  rrgiaa  erf  thv  eanli ;  tliu*  wlnit  te 
cxnl  wr  nf  [he  (rigid  aiul  tempcrMc  ncmn  moderoUB  the 
oT  t}ie  turriil  toau.  ol  ihe  esmc  umc  the  warm  oil  of  tLe  lacm  ikiilM 
tbe  lemptaniuiE  of  tlie  lormct. 

If  the  atrlh  Hithui  the  tiopiis  were  oovered  with  water,  1 
winds  would  ivguhu'ly  blow  iu  tlie  manner  just  dcKiibcd  j  but 
the  unequal  dumihuticin  pS  land  and  WBtiT,  these  winds  me  ■ 
oertaiD  mronrkalilc  dcviatiuiuj.     Ab  might  have  been  especte^  d*' 
wind*  blow  with  tlw  gnatest  regularity  over  the  expaiue  of  Uw  "" 

(3.)  MaxsoQKH.  —  M'hcn  a  tradi?  wind  U  turned  bnck  or  drmtl 
oVCTheoted  dfalocls  from  its  regular  coui»e  at  etated  s^sms  of  Ika 
it  b  rrgardMl  as  a  mnnmm.  Thus  the  A&icEm  monaious  of  the  Alh 
the  monsootw  of  the  UiUf  of  Mexico,  and  the  Cemral  AnuitfaM  i 
HjaoB  of  the  Poufic  ore,  for  the  most  part,  fbnued  of  the  nnrth  ran 
wind*.  wMoh  are  turned  back  to  reatore  the  equflilirium  which  tin  i 
heated  plains  of  AMca,  Utah,  Texas,  and  New  KlexJcA  tuvK  dialKitaL 

VTbai  the  moiiEOons  prerail  for  five  manth*  ul  a  time,  |,lbr  it  I 
■bout  a  month  for  them  to  cluuigc  and  bcoiine  settled.)  th«  halli 
ond  the  trade  wind*,  of  which  they  arc  fiitmed,  are  called  acMM 
The  (uuIh-wcEt  and  north-eaat  manaoonB  of  the  Iiidioa  Ocetm  aUg 
cxamjile  of  this  kind.  The  aouth-wcst  monaxms  of  the  Intfita  O 
bli>w  Irom  May  to  September  incluaiie.  Thry  nre  cauird  by  Iho  Ik 
hunt  which  the  roys  of  a  doudlaa  sun  produce  during  the  sunanar 
upon  the  Destrt  of  Cobi  and  th#biiming  plniiu  of  L-entral  Asa. 
the  tnin  ia  nonh  of  the  equator,  the  foree  of  hi»  rays  boting  duwn 
thise  wide  and  thirsty  phunx,  causes  the  ail  to  expand  and  aM 
There  ts,  ponBequently,  a  rush  of  air,  especially  tnm  towarda  the  ■ 
tor.  to  roitoro  the  cquilihrium  ;  and  in  this  case  the  fotvt  whidi  (s 
(fanw  the  nonh-enst  trade  winda  hack  becomts  gieatts  than  &m 
which  ii  actiiiR  to  drive  them  forward. 

When  it  is  summer  time  in  Africa  south  of  the  t-qualor,  tiw  wfaid 
Uowing  from  the  norlh-rart,  in  obedience  to  ll»  tiadc  wind  fma,  V 
laenib  ftiim  NovnobOT  to  March  incInsiTe ;  bonci-  wc  liiivt'  iW  n 
MU  moiuonni'.  The  monraon  wsaon  may  always  h<-  ki 
to  thn  eaiitf  which  pnxiuces  the«e  winda.  Thiu.  by  iii-olkvIiriK 
th«i  ilry  and  overhfatod  pliuna  are,  we  know  at  oiirc  ihal  lh(»*  Wtn< 
ItMhinK  with  erealivt  Siiree  towards  tbae  phmia  at  tlw  lime  of  iJm 
tiyt  ftaaa  of  the  year 

Thoo  wind*  hif  of  coiuidBniblo  imporUmcc  to  iwrifMns  wfaa 
M  the  Emtt  Iadi» 
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■•)  Tmi  vtnuiit.B  wnrn*  l<Iinr  at  kII  jilonn  ni  n  dittnnri'  fnlni  th* 
afiBdor.    IV  vuilBlJnus  iapcn^  i^ioii  ■  vnrlrn  of  uiiun ;  for  wluR- 

<  >T  tmif  ii>  dtktmb  the  ixinilibriniu  of  xhe  Btmorrjihurc  will  wciuaon  a 

i-Bigii  Is  tbt  dbveikiii  uf  the  'H-iiiil. 

TV  (v-l'l  iiir  uf  tile  ]»Litr  r(V"'»''  >"  toiutontljr  Honing  ton-anb  tile 
*Brr--r  ti-L-kpTM,  partly  ea  aa  iipjicT  cumiil.  at>«irding  Ui  llie  gMieral 
Lt"  ut  ii;::ii>ijihaio  riivulDtion,  snd  pnrtly  u  a  eurfnco  wind :  hens  In 
iK  iii:*V.  m  hemisphere  we  h«»c  a  prevalmce  of  ni«th-nue  wiiid*. 
T!it-w.  -Aiiiil;,  flndlng  an  open  pntB  in  North  Amoica.  ftmu  ononidof 
tta  -.^  r.i.iiiii  lo  ilip  (ithrr,  sweep  Efom  the  bordere  of  the  Arctic  Ocnm 
u  fjr  =>  ilii'  'itUf  of  Mexico.  They  Btrike  obliquely  againu  the  Itockj 
U'  ur.uiTi).  nui  olmig  their  alopes,  uid,  being  rcHeiTtedby  this  highclinia, 
■JbivsiI  01  ■  Eiorth-w(«t  wind  into  the  volley  ol*  the  Miseissipiu,  sccom- 
pniol  by  oilrl  and  htanut.  Proceeding  inwards  the  Allan  tic  mast,  they 
sin:l  Ihr  fTrilb-west  ur  the  rqnatorial  wind;*. 

TIhj  cniOict  between  the  polar  and  Equatorial  iriiids,  ao  opposto  in 
chxp*.-".-.-!  itii'l  direction,  gives  to  onr  tlimnte  one  of  itn  moat  rpmarknblB 
^tit^jf^  — -  tbat  of  ehnngcablenesa,  —  Ibat  girat  variety  of  tempernturf^  ^ 
of  -Iri'isii!  itnd  of  hamidity,  of  fnir  wealhci  and  foul,  which  mnik  tluj 
wBHiiui  with  uni^cnaiuty,  and  the  labors  of  the  busbaudinaii  with  douU- 
ftdranlta. 

Sirocco  and   Simoom. 

TWre  VB  ««Bin  winds  which  hnve  reedved  peculiar  nioncs,  Buch  ai 
1 ;-  .■  Hrem  and  the  Simoom.  Thme  wind*  nre  injurious  to  life,  on  ae- 
, '  .uiS  ti  the  tniRiini;  sands,  or  on  recount  of  the  pestilential  awampa, 
oTir  whieh  they  Mow. 

Tha  .Sirtnv  tJowv  (iota  Africa  over  the  MUth  of  Enrope ;  it  is  e»- 
pfdaUy  fMt  in  t^  wnith  of  Italy  and  Spain.  During  Ihc  omtiniiRntie 
of  tU*  hM  wind,  the  vee^lable  (Tcation  losra  ila  fivshncss  and  bcanty, 
•ml  tk*  aoinuili  of  the  field,  us  well  as  man,  appear  to  lunguLih  and 
fbtvp  with  Ficarive  othjinstion. 

The  Himtnm,  which  Uows  over  the  burning;  dmerts  of  Aftic*  and  Ana, 
i*  of  at)  Mhrr  wind*  the  moEt  de«iruetive  to  life.  The  hrenthini;  uf  thi« 
wiod  itmiPllmai  ocnvduns  bitantiuieaiu  death  ;  and  to  tare  Ihdi  livis, 
ti»»»lki»  lUDBlIy  Ikmw  them«cl*BS  down  witb  tbor  ftrcs  on  the  ground, 
bMU  flw  ilaaUdcg  winil  baa  patsed  over  them. 

M,  VTauib  rerrire  mona  according  to  the  rate  st  which  they  tlow. 
'WImu  »  wtad  iilowi  at  iha  rate  of  6  mila  on  hour,  it  ii,  called  a  gaUit 
6»m  i  M  10  miln  m  hour,  »  briii  i/olt ;  at  10  miloi  an  hour,  a  high 
mtmdtattum  ;  and  U  so  miloi  m  hour,  a  hiinieane.  The  force  of  the 
•tnd  inaaBca  with  Uiu  •quuic  of  Ihc'rclodty :  thui  a  liurricanvi  having 
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8  timoi  the  vdootty  of  a  hrwk  gale,  would  sbike  uera  and  Vna 
S4  timts  the  force  that  a  biisk  gnJe  would  do. 

BALLOONS. 

47.  Balloons  rise  in  the  otmuepha*  in  the  fame  mnimei  ni  nn 
ceiids,  nT  as  ■  cork  rii*C3  in  nater.    A  Hxip  bubble  in  a  little  ball 
flitted  with  the  'warm  all  froui  tbe  lungs ;  aud  it  aflevniis 
(padticullf  tighter  than  the  Burrounding  aii.     A  bnllmn  i 
madp  of  tlun  paper  j  the  air  whidi  it  conlaiiui  is  rarefied  by  mtam  <]f  ikt 
ttsme  of  a  laeco  of  sponge  dipped  in  spiiits  of  wine  and  placed  ba 
Bn  opening  made  in  the  uivda-  port  of  th«  boUoon.    This  kind  at  bt 
was  invciLlcd  by  Montgol&er. 

From  its  extreme  lightmss,  bydmgat  i»  better  Stird  thui  attf 
mibstftnc^  111  inUate  balloons :  tbough  coal  gns,  Emm  its  gr««ta' 
a  geniTally  used.  Very  Inigu  gas  IuJIoods,  of  a  pew-Ukc 
made  of  oiled  eilk,  and  inllated  with  common  street  gas,  whloh  b  c 
idddnbly  lighter  than  atmoApberic  air.  The  balloon,  bdng  filled  widi 
light  gaa,  IB  rendered  speeifically  ligliter  than  the  air  i  it  theicTore  •MX 
until  it  orriTcs  at  an  elevation  where  the  surrounding  air  and  the  bil] 
hnvo  ihe  sanie  specific  gnirity.  The  car  which  bears  the 
aupiwrted  by  network  which  goes  otct  the  body  of  the  balloon. 
the  aeronaut  H-ishcs  to  descend,  he  pulls  a  cord  which  oppns  a  ywtn 
the  top  of  the  balloon,  and  thus  allows  a  portion  of  the  li^I 
escapo,  and  llictvby  renders  the  bnlloon  specifically  hoariti  ihui  ibe  tit. 

Thcbuojaney.  oraeronding  forccof  nbolloonmBy  heeoaily 
SuppiMc  the  bnlloon  to  eontiun  32.00(1  euUe  fcut  of  gas,  the  wvi^itof 
each  culau  font  of  air  to  be  1 1^  ounces,  niid  the  weight  af  eteh  nri 
Ibot  of  gaa  to  be  I  ounce ;  then  eiuh  cubic  foot  nf  the  Iv Jlixin  wiS  hi 
•  buoyancy  of  jV  of  on  ounce,  and  the  whole  balloon  will  htn«  a  taoi 
■ncy  of  3200  oiinoes,  or  300  lf».  If  ihe  wdght  of  the  car  and  tl 
nulnial  of  the  bnlloon  be  GO  lbs.,  then  the  balloon  will  ascend  wtus  U 
Wc^ht  of  the  aeronaut  docs  not  exceed  140  lbs. 

to.  AiMiliomtl  facta.  —  The  jircjBurc  of  the  atmofipbrre  at  th^  tnft 
of  the  earth  keeps  a  certiun  quantity  of  ait  in  combination  witk  *■!■ 
nn  m  fi  {arm  port  of  the  liquid  man.  T)ie  air  rea^^ican  At  onM  I 
Mkiiig  irff  the  pressure.  This  odimxturc  of  air  in  water  ii  nmiMVyk 
th*  life  of  fi»hes. 

A  hollnnn  which  is  only  half  full  at  the  lurface  of  the  edrlli  baRH 

AU)  when  it  has  riiL-n  3i  mtlo,  bentuH-  nt  thai  height  air  Aont  1) 

loulilts  its  "foliimc,  on  Bccmint  of  Ihe  diminished  jircsmiiv. 

«  downy  bckIb  rf  plants  woi  floaiing  about  upon  Iho  wlmla  ■ 

rt  li^hla  than  ait,  Imii  iavr.  to  much  bulk  and  •irftni 
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jKOpar^atk  to  their  weight,  that  the  friction  upon  them  of  the  moving  air 
»  greater  than  their  weij^ht,  and  carric?H  them  along. 

Smoke  coiudsts  of  the  dust  and  visible  particles  which  are  8ei>aratcd 
from  the  fuel  witliout  l)einj5  biunicd,  and  light  emnigh  to  Ix;  carri(?d  aloft 
by  the  nsing  current  of  heated  air ;  but  all  that  is  visible  of  smoke  is 
icaDj  heavier  than  air,  and  soon  falls  again. 

When  a  low  house  a^ins  a  lofty  one,  the  wind  blowing  towards  the 
latter  ia  ohstructed  ;  and  if  the  top  of  a  low  chimney  be  there,  the  com- 
air  enters  it  and  pours  downwards.     Again,  whenever  from  the 
of  buildings  eddies  of  wind  occur,  or  unequal  pressures,  as  at 
eani£EB»  &c.»  the  chimneys  around  do  not  act  regularly. 

Exercises  on  Pneumatics. 

1.  If  100  cubic  inches  of  atmospheric  air  weigh  30  grains,  what  will  be 
tlie  weight  of  1  cubic  foot?    (See  Art.  5.)  Ans,  1.08  oz. 

2.  When  the  elevation  of  the  mercury  in  the  barometer  is  28  inch^ 
what  will  be  the  height  of  a  column  of  water  supported  by  the  atmos- 
phenc  pranure  ?    (See  Art.  8.) 

Column  of  mercury  supported  by  the  atmosphere  =  28  in. ; 

"         water  «•  "  "         =  13^  X  28  in. ; 

=  31i  feet. 

3.  Required  the  same  as  in  the  last  example,  when  the  elevation  of  the 
^ncrcury  is  24  inches  ?  Ans.  27  fort. 

4.  AlloDi'ing  that  a  cubic  inch  of  mercury  weiglis  ^  lb.,  what  would 
be  the  pressure  of  the  atmosplicn;.  at  the  top  of  a  inountiiin,  where  the 
mercury  in  the  barometer  stands  at  the  height  of  20  imhcs  ? 

A/^s.  10  ll)S.  per  sq.  in. 

5.  A  given  portion  of  air  has  a  pressure  of  lo  Uw.  per  8<in«re  inch 
when  its  volume  is  6  cubic  feet :  what  will  be  iu  elasticity  when  it  is 
camprcssed  into  the  space  of  3  cubic  feet  ?     (See  Ait.  lii.) 

Pressure  when  its  vol.  is  5  c.  ft.  =  15  11j«.  ; 
••  «*       vol.  is  1  c.  ft.  =  o  X  1'3  n>s.  ; 

5  y  1 5 

«•  **       vol.  Is  3  c.  ft.  =- -=  25  lbs. 

3 

6.  Required  the  same  ba  in  the  la«jt  example,  when  the  orijjinnl  pres- 
fure  is  50  lbs.  with  a  volume  of  2  cubic  feet,  and  the  new  volume  is  5 
cubic  feet  ?  Ans.  8  lbs. 

7.  If  the  column  of  merenrj'  in  the  gauge  of  the  air  pump  (see  Art. 
19)  stands  at  27  inches,  when  the  mercury  in  the  lMin)meter  is  30  inches, 
what  is  the  elasticity  of  the  air  ui  the  receiver,  as  compared  with  the 
external  air?  Aiu.  ^\^. 

12 
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8.  If  the  section  of  the  Magddx>urg  hemispheres  (see  Exp.  3,  Art.  20) 
contains  6  square  inches,  and  it  requires  a  weight  of  87  lbs.  to  separate 
them,  what  is  the  pressure  of  the  external  air  upon  each  square  inch  ? 

Am.  14i  lbs. 

9.  To  what  height  may  water  be  raised  by  t)ie  oommon  pump,  at  a 
place  where  the  barometer  stands  at  24  inches  ? 

Ana.  27  feet    (Sec  Art.  21.) 

10.  In  the  hydrostatic  press,  (see  Art.  26,)  if  the  large  piston  P  con- 
tains 18  square  inches,  the  small  one  Ih  square  inches,  and  if  the  ad- 
vantage gained  by  the  lever  G  H  is  6,  what  will  be  the  pressure  exerted 
upon  the  press  board,  when  a  pressiure  of  60  lbs.  is  appUed  to  the  handle  ? 

Here  the  whole  pressure  on  the  small  piston  is  6  times  60  Ibe.,  or  360 
lbs. ;  that  is. 

Pressure  on  lj|  sq.  in.  =  360  lbs. ; 

•<  18  sq.  in.  =  12  times  360  lbs.  =  4320  Iba. ; 

which  gives  the  upward  pressure  on  the  large  piston. 

11.  Required  the  same  as  in  the  last  example,  when  the  large  pistoa 
contains  20  square  inches,  the  small  one  2  square  inches,  the  pressure  on 
the  handle  being  40  lbs.,  and  the  advantage  gained  by  the  lever  8  ? 

A}is.  3200  lbs. 

12.  Required  the  distance  of  lightning  when  the  flash  is  seen  9  sec- 
onds before  the  thunder  is  heard  ?     (Sec  Art.  37.) 

Ans,  1  mile  600  jrards. 

13.  At  what  distance  must  a  gun  be  fired  so  that  the  interval  between 
the  flash  and  the  sound  may  be  3^  seconds  ?  Ans.  3920  feet. 


LIGHT  AND  HEAT. 

LIGHT. 

1.  Light  renders  the  objects  in  the  external  world  visible 
to  OS :  the  organ 'ot*  sight  is  the  eye  ;  the  rays  of  light,  pro- 
eeeding  from  surrounding  objects,  enter  the  eye,  that  wonder- 
ful optical  instrument,  and  by  acting  upon  the  optic  nerve, 
produce  the  sensation  of  vision. 

2.  Light  emanates  from  all  luminous  bodies  —  such  as  the 
sun,  the  stars,  and  substances  in  a  state  of  combustion. 

The  sun  is  the  great  source  of  light  as  well  as  of  heat ;  but  there  are 
many  other  sources  of  light,  such  as  —  (1.)  Chemical  hght,  or  that  which 
is  derived  by  chemical  action ;  (2.)  Electric  lights  or  that  light  which  is 
evolved  by  the  electric  spark ;  (3.)  Light  of  friction^  that  which  is  ob- 
tained by  striking  two  dissimilar  hard  bodies  together ;  (4.)  Phospho- 
fvtom/  Ughtj  or  that  light  which  is  emitted  by  certain  bodies  at  the  ordi- 
nary temperature  of  the  air. 

3.  Non-luminous  bodies  become  visible  to  us  only  by  re- 
flecting the  light  which  falls  upon  them  from  some  luminous 
body. 

•    The  fixed  stan,  as  well  as  the  sun,  shuie  by  their  own  light ;  but  the 
moon  and  the  planets,  with  their  satellites,  shine  only  by  reflected  light. 

4.  Bodies  are  divided  into  transparcjit  and  opaque.  Trans- 
parent bodies,  such  as  glass,  allow  the  rays  of  light  to  pass 
freely  through  them ;  in  other  words,  we  can  see  objects 
through  them.  Opaque  bodies,  such  as  a  sheet  of  tin,  do  not 
allow  the  rays  of  light  to  pass  through  them. 

5.  Light  travels  at  an  inconceivably  rapid  rat«. 

It  takes  about  eight  minutes  in  travelling  from  the  sun  to  us,  that  is, 
it  moves  at  the  rate  of  about  192,000  miles  per  second.  As  regards  all 
phenomena  upon  earth,  they  may  be  considered  as  happening  at  the  very 
nuUmi  when  the  eye  percdves  them ;  the  difference  of  time  being  too 
■nail  to  be  afjfveciated. 

C136) 
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Light  proceeds  from  visible  objects  in  atraigbt  lines. 

Thus  we  can  only  see  a  body,  when  looking  tliniugh  m  Hraight  tube, 
bjr  directing  the  tube  towards  the  bod;. 

6.  The  intensity  ol'  light  varies  with  its  distance  from  us ; 
that  is  to  eay,  like  all  other  principles  which  emanate  from  a 
Ciintre,  the  intensity  of  light  decreases  as  the  squares  of  tlie 
distances  iucrease. 

Thus,  at  the  distance  of  two  yards,  the  intcnaty  of  light  will  be  one 
fourth  of  what  it  is  at  one  yard ;  at  three  yards,  the  intouity  will  be 
one  ninth  of  what  it  is  at  one  yard ;  and  ao  on :  the  ranoa  of  this  ii 
rendered  manifest  by  Rg.  1.  . 


Ftff.1. 


7.  There  are  two  remarkable  laws  of  light,  viz.,  rtfieetitM 

and  refraction. 

Ever)'  biri'  in  familiar  n'ith  the  reflection  of  the  sunlight  ftom  a  lit 

\V'hi'n  we  luoli  upon  the  surtbce  of  a  stream,  we  sec  the  objects  on  iti 
op]Kihitc  bunk  rcdected  from  its  surface.  In  this  case,  the  reflected  im- 
iigii-  of  the  olgcots  appear  tumt'd  upside  dowTi. 

\Ve  Fce  our  facc»  reflected  from  the  surface  of  the  looking  glan.  Li 
this  I'HNc,  the  ddc  of  our  face  to  the  Ictl  appeals  on  the  right  i£  tha  ra> 


■\Vc  pliiii 


a  stick  ii 


water  i  the  stick  appears  bent :  this  is  owing 


We  look  through  a  tunibltr  of  water  upon  an  object  placed  oa  the 
iip]ic»ite  hide ;  the  object  ni)pe«r3  vcrj'  much  enlarRod  and  somewbal  dis- 
torted ;  this  ia  owing  to  refractiiHi :  the  rays  of  light  proceeding  from  tha 
object  are  chungi'd  from  their  rinbt-Iined  course  in  pataing  through  tbe 
tronHporcnt  medium.  This  chungc  of  dircctiun  is  called  the  effect  at 
tefruction- 

1:1.   Tlie  great  Ncwtou  eumadcrvJ  that  light  is  an  emanatian  fitia 


n.  Midtcntiitiof  vay  miiiiiie  particlra  wHuUbck  touliut) 
*  •■btik  to  cxiMt  (be  anlmuy  propaties  of  nuUiet,  and  vvhich  Invd, 
n  (tniglK  Imn  with  inooacdWile  velocity,  and  pn)dui:e  (1il'  Bcma 


Fig.  3. 
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EXPERIMENTS    ELUCIDATING  THE   LEADING    PRIXCI. 

PLES  OF   OPTICS. 

9.    REFLECTION. 

Exp,  1 .  Lay  a  small  looking  gloss  upon  the  floor,  with  its  face  upper- 
most ;  place  a  burning  candle  on  the  floor,  at  some  distance  from  the 
looking  glass,  so  that  the  Ught  from  the  candle  may  fall  obliquely  upon 
the  surfoce  of  the  glass :  place  yourself  on  the  side  opposite  to  the  can* 


Fig.  3. 

die,  shifting  your  position  until  you  catch  a  sight  of  the  image  of  the 
candle  reflected  from  the  glass. 

(1.)  llie  rejlected  ray  makes  the  same  angle  ^th  the  glass  as  the  inei- 
dent  ray, 

(2.)  The  image  of  the  candle  appeaw  as  much  below  the  surface  of 
the  glass  us  the  candle  itsdf  stands  above  the  glass. 

Bring  the  candle  about  a  foot  nearer  to  the  reflector :  then  you  will 
have  to  bring  your  eye  the  same  distance  nearer  to  it ;  thereby  showing 
that  the  reflected  ray  always  makes  the  same  angle  with  the  sur&ce  of 
the  rcfloctor  that  the  incident  ray  does. 

The  angle  of  reflection  ia  always  equal  to  the  angle  of  inci- 
dence. 

Thus  let  E  F  be  the  reflecting  surface,  ^ 

A  B  the  incident  ray,  B  C  the  reflected 
ray,  and  B  P  a  perpendicular  to  the  sur- 
face E  F ;  then  the  angle  A  B  P  which 
the  incident  ray  makes  with  this  perpen- 
dicular is  called  the  angle  of  incidence,  ^— 
and  the  angle  C  B  P  which  the  reflected 
ray  makes  with  this    perpendicular  the 
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angle  rf  nflectim;  and  th«e  two  angles  are  always  equal  to  each 
other. 

Ii  is  quite  Due,  at  the  Mine  time,  that  the  angle  ABE,  which  tlw 
incideni  my  mako  with  the  Burface  of  the  reflector,  is  always  equal  to 
tbe  angle  P  B  C  which  the  refleeted  ray  makes  with  the  surface  of  the 

In  Rg.  0,  A  B  ia  the  incident  ray  profeeding  from  the  top  of  the  tree, 
and  B  C  the  reflected  ray ;  K  F  U  the  incident  ray  proceeding  from  one 
td  the  lower  btaiicha,  and  F  C  the  tedected  ray.    Now,  because  of  the 


cqoaUtj  of  the  angles  of  incidence  and  reflection,  the  image  D  of  the  top 
B  much  below  the  surface  of  the  water  as  the  t«p 


of  the  t; 


at  the  Dee  A  is  really  abnve  it 

Eip.  2.  Th  abtniii  lArre  or  more  nfifeieil  ima/je*  of  an  nliirtl.  —  TUcC 
m  amall  minnr  perpciidiLular  to  n  larger  one:  put  auy  olijcct  brlwi-en 
themi  bring  your  eyes  in  front  nf  ihe^niuUermiiruT:  you  will  distinctly 
•ee  three  reflected  images  of  the  object — that  ia,  one  image  from  the 
reflecttcai  of  the  large  minor,  another  friim  the  rrflrcrinn  of  the  lonall 
nii/TOT,  aod  a  third  fmm  the  double  rcflerlion  of  the  two  mirrras, 

Place  yomsdf  beftne  two  lorie,  pnralli^l  looking  gla'sra,  filed  to  the 
oppoote  wbU*  of  a  room,  and  you  «t11  sec  a  wnmlleM  wrira  of  imaKes 
ndected  than  the  glaaa.     This  cflect  a  produced  by  a 


E^.  3.  7b  ^  a  tiyht  nf  the  bark  nf  your  head.  —  Place  yourself  nith 
jnur  back  urwardi  a  lan^  looking-cl'Ts :  hold  a  nmnll  looking  plans nith 
its  face  towank  you,  but  a  little  to  one  Hde,  and  with  its  surfHcc  mmcwhat 
inclined  to  tlie  plane  of  thr  large  mirnn- ;  after  a  httle  ai]juMtmcnt  you 
win  get  >  distinct  new  ot  the  back  portion  of  youi  head.     It  ia  acajcelj 


iiowe 


>W"  *"■■     ^i™,^•l»'°*»"'■ 
^  nwwi,  """  "^  ,i„. .  the  MS*  B  U 


pij.6- 
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^  tlttee  minocB ;  the  rays  proceeding  firom  each  bit  of  gifw  undergo 

^  icAectionSi  which,  with  the  object  itself^  presents  six  distinct  images 

totheeye^ 

£qx  7.  A  eoneaoe  mirror.  —  Look  into  the  ooncave  face  of  a  watch 
gittii  tiJbiig  care  to  hare  a  dark  ground  behind  it ;  after  adjusting  for 
the  fix»s»  jou  will  see  a  small  inverted  image  of  your  face  reHected 
tan  the  ooncave  surfiEice  of  the  glass. 

Hald  a  email  olgect,  such  as  the  head  of  a  pin,  very  near  to  the  sur^ 
ftee  of  the  reflector:  an  enlarged  image  of  the  object  will  be  seen  behind 
thtglaak 

A  mnvex  wmror.  —  Look  at  the  convex  face  of  the  watch  glass,  and 
■milar  cffecta  wili  be  observed. 


10.    REFRACTION. 


1.   3b  Jhrm  the  imoffe  of  a  candle  by  the  traneimasion  of  %{»  Hffkt 
tknmgh  tk  hoU*  —  Pierce  a  tldck  sheet  of  writing  paper  with  u  stout 


Fii/.  8. 

darning  needle;  hold  the  paper  between  a  lightwl  candle  and  the  wall 
of  the  room :  an  inverted  image  of  the  candle  will  U»  thrown  upon  the 
wall ;  move  the  paper  fiOTwards  or  backwards,  until  you  h:ivo  attauied 
that  pnwiiMn  which  gives  the  most  distinct  image :  you  have  then  got 
the  focus. 

This  effect  is  simply  due  to  the  principle  that  light  is  prfjfxu/ated  tn 
gtrmffht  km^  The  rays  of  light  proceeding  from  the  olYJcct  cross  one 
■nother  in  pasring  through  the  orihcc  O  ;  the  rays  from  the  top  A  of  the 
omdle,  punuing  the  straight  line  A  ()  B,  fall  upon  the  wall  at  1) :  and, 
in  Hke  manner,  the  rays  from  the  bottom  C  of  the  candle  fall  upon  the 
wall  at  D,  ther^  producing  an  inverted  image  of  the  candle  upon 
thevraD. 

Bring  the  candle  nearer  to  the  wall,  and  at  the  same  time  shif^  the 
[rwl^p*  of  the  orifice  to  as  to  adjust  the  focus,  and  you  ul)tain  an  ima^c 
cf  muUkr  sue,  but  of  more  intensity.   ^ 

£qk  2.  Place  an  empty  vea^l  so  as  to  make  tlie  shaduw  of  its  edge 
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to  BJl  QMtly  at  the  lowtr  angle  ft  —  ihni  ^  ~      .^^ 
that  the  Ta^  of  light  proceeding  fnaa  (he  csndle        ^^ 
■hall  be  in  ihediiertian  t  d  b;  Dow  flU  thcrtud 
with  w&tei,  and  the  light  &jm  the  retntction  of 
the  liquid  will  be  extended  over  the  bottom  of 
the  Tea^  w  thavm  in  Fig.  0. 

Exp.  3.    rUce  a  coin  C  at  the  bottom  of 


Fig.  10. 


emptjt  tumlilcr ;  bring  your  eye  E  in  ■  line  EEC  wilb  ll)0  edgf  of  tl 

gllH  and  the  outer  edge  of  the  coin;  without 

moving  your  eye,  pour  water  into  the  gUs : 

the  whole  of  the  i-oin  mil  now  be  Tisible  — 

thai  is,  it  will  be  eeen  in  the  diiection  B  I)  U. 

The  ray  C  D  upon  pasajng  out  of  tie  n  . 

bci«mea  bent  in  the  directiaa  D  E,  so  thi- 

edge  C  ie  now  Been  in  the  direction  E  1 1  I 

When  a  ray  of  light  is  thua  bent  &<.iii  ,■ 
■tralght-Unnl  voutsc,  it  is  said  to  imdeigo  re. 

Light  nlwajs  undergoes  rcrracticin  wben  it  passes  obUqn^l; 
from  one  medium  to  another.  Bui  when  tbe  light  |mum 
perpendiculnrlj  from  the  suiface  of  ihe  one  medium  la  tin 
of  tbe  other,  it  id  not  altered  in  its  straight-UnGd  eoune. 

£171.  4.  Fill  a  tiimblcT  with  water  ;  place  the  leaf  of  a  book  rfoM  1 
one  fide  of  tbe  gUa»;  look  through  the  wntei  at  the  print ;  jpvu  wIO  m 
it  much  eidarged.  Here  the  round  portion  of  the  gUm  act*  ai  a  wp« 
inH,  which,  on  the  principle  of  refraetioni  cauiiWi  the  print  10  BfliM 
larger  than  it  really  is 

A  cjrIindriL'Bl  buttle  filled  with  water,  used  in 

A  good  reading  glan  may  be  formed  by 
BtDMing  two  bottles  (iUcd  with  cleoc  water,  aa 
■hown  in  Fig.  II,  and  looking  through  the 
doBod  portion. 

Brp.  i.  Takf  one  of  the  convex  lenses  oS  an 
aged  pcison'*  Epectuclca,  nnd  hold  it  between  a 
Mlldle  oud  tlic  wall  of  the  tuom ;  on  inverted 
Image  of  the  candle  will  be  thrown  npon  the 
wnlli   move  the  len>   forwards  or  hwdtwoldl  'V-  ^^ 

tmtil  you  hove   ntlnined  tluit  postwa  which 
itvoi  the  ra»t  diftinci  unage ;  yon  bate  then  j^ut  tliff  fbcui  of  lh«  hM 

Hue  the  centiol  layi  c  F  C  pair  periioidtculaily  throufb  IIm  Ii 
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>*:- 


Fig,  12. 


undeigo  no  refraction ;  the  extreme  rays  a  T>,  falling  obliquely 
upon  the  lens,  are  bent  in  passing  through  it,  and  are  thus  bent  or  re- 
liicted  into  the  course  D  A ;  in  like  manner,  6  £  is  refracted  into  the 
directiaai  E  B ;  and  hence  the  image  of  the  candle  appears  inverted. 

Exp,  6.  Look  through  the  spectacle  eye  upon  some  print ;  move  the 
lent  up  or  down  until  you  have  got  the  focus ;  the  print  will  appeea 
eoDBderahly  enlarged. 

Peribrm  the  same  experiment  with  the  lens  of  the  spectacles  used  by 
m  ahortHBghted  person  ;  the  print  will  appear  smaller  than  it  really  is. 
In  this  case,  the  lens  is  hollow  or  concave. 

Exp.  7.  Take  any  piece  of  cut  glass,  such  as  the  stopper  of  a  de- 
canter bottle^  and  hold  it  between  your  eye  and  the  light ;  keep  turning 
it  round,  and  you  will  see  all  the  colors  of  the  rainbow.  A  triangular 
piece  of  cut  glass,  called  a  glass  prism,  will  answ^  the  purpose  best. 
Here  the  rays  of  light  are  decomposed,  by  refraction,  into  their  different 
colored  pencils  of  light. 

Exp,  8.  To  produce  an  arti/icial  rainbow,  —  When  the  sun  is  shining 
near  the  horizon,  get  a  person  to  project  water  from  a  wet  broom  ;  place 
yourself  between  the  sun  and  the  scattered  water,  havinj;  your  face 
towards  the  shower  of  drops,  and  you  will  observe  all  the  colored  tints 
of  the  rainbow.  Here  the  Uttle  drops  of  water  obviously  decompose  the 
Hght. 

Exp.  9.  (1.)  Observe  that  while  you  blow  a  soap  bubble,  the  varied 
tints  of  the  rainbow  may  be  seen  reflected  from  the  thin  film  of  fluid 
fanning  the  bubble.  The  varying  thickness  of  the  film  produces  these 
changes  of  colar. 

(2.)  Observe  also  the  colors  exhibited  by  a  drop  of  oil  as  it  spreads 
itself  over  the  surface  of  water. 

(3.)  Take  a  watch  glass  and  a  piece  of  common  window  glass;  press 
the  two  steadily  together,  and  luminous  rings  will  be  seen  about  their 
point  of  contact. 

These  phenomena  depend  upon  what  has  been  called  the  interference 
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Erp.  If).  (1.)  Hold  a  fine  noecUe  clrrv  tn  imp  cj-c,  the  uthcr  br 
diul  1  and  look  lixcdly  ut  it,  Bgaintt  any  light  otijeil  iu  ■  bnckgnma 
yoii  «-iU  fee  Btitral  oceiilis. 

(2.)  Slake  a  BCraight  tut  in  a  pace  of  can!  board;  Imk  thnnigfa 
nUTOW  opCLiiiig  at  Ibr:  i:jutd1c;  on  enrh  ndc  rrf  tho  real  caodij^  jtiu 
•ee  olher  candles  markud  with  the  mlora  of  the  niinbow. 

(3.)  If  tht!  li(;bt  nf  the  sun  be  admitted  into  a  doik  laaa,  hy  *  vS 
luimjw  chijik,  Heveni]  luminoua  ehioka,  aqiorated  by  dark  bauds,  will ' 
vinlhle  on  the  oppotite  wall.  . 

(4.)  Suspend  a  black  bull  in  the  sunlight ;  the  TOtuid  ahtdow  of  t 
ball  It-ill  cnntain  hands  of  light. 

Tbisc  pheuomeua  defend  upon  what  has  been  calld  Ihe  ilijfhalti 
of  liDhl. 


11,  Mirrors  are  divided,  according  to  ihc  forpi  of  th«i 
aurfacea,  into  plane,  concex,  and  cortcofe.  Tlie  comini 
looking  glass  is  a  pluiie  mirror. 

Ttie  Iitw  of  Ibe  reflection  of  light,  which  has  bucn  b 
plained,  lio1(li4  eqcally  true  with  respect  to  convex  and  oo 


!  reflc-f 

Let  a  1 4  rpproicnt  a  plane  inirTor.yp!;  a  conn 
smeave  mirror,  all  louelung  euch  other  in  the  c 


papendlcalnr  W  the  plane  a  b;  in  the  dirwtion  oFthe  inridcnt  fay.n 
e  A  tbc  direction  of  the  rrfleW'.'d  my  ;  then  ke  I  will  !*>  the  anglB  of  i| 
tiJen».  an.t  J  c  A  tlie  angle  of  reflPclion,  to  any  of  thr"e  miniMX  lUi 
tbaeunglea  will  alvruyii  be  equal  to  cueh  other  —  that  Ls  angle  i  wiUb 


to  angle  y,  and,  as  a  necesBary  consequence,  angle  w  win  be  equal 
^  tngje  s.  It  will  be  obsenred  that  a  b  forms  a  tangent  to  the  curved 
^ontm  at  the  point  of  contact  c,  and  that  c  /  is  perpendicular  to  the 
CQrro  at  the  point  c,  being  perpendicular  to  the  tangent  line  a  b. 


Fig.  14. 


12.    CONCAVE   MIRRORS. 

The  general  effect  of  concave  mirrors  is  to  produce  an 
image  larger  than  the  object  itself. 

Let  9v  9  (Hg.  14)  represent  a  concave  minor;  c  its  centre,  that  is,  c 

k  die  centre  of  the  circle  t  o  « ;  r  a  luminous  point,  or  the  flame  of  a 

■BaQ  candle;  then  incident  rays  r  «, 

r  <^  falling  upon  the  surfocc  of  the 

ndmr,  wHl  be  reflected  to  the  same 

point  it  tn  the  directions  «  <,  t  ^  mak- 
ing the  angle  of  incidence  rue  equal 

to  the  angle  of  reflection  e  t  U   At  the 

point  tt  called  the  Ibcus  of  the  mirror, 

a  mngSl  hnage  of  the  luminous  object 
will  be  fcrmed,  which  may  be  lecdved 

vpon  a  piece  of  thin  white  paper.  The 
fine  €  V  prodneed  ia  called  the  axis  of 
the  leflcetof » 

Tlie  poims  r  and  i  are  oGnTertible ;  that  is  to  say,  if  the  flame  of  the 
candle  be  placed  at  it  then  r  becomes  the  focus,  and  an  enlarged  image 
of  the  candle  will  be  famed  at  this  point. 
When  the  rays  of  light  Vtr*  t',  &c, 
(Fig.  169)  fidl  upon  the  concave  minor 
•  V  y,  paraDel  to  the  azk  e  v,  they  are 
reflected  into  a  point  /,  exactly  midway 
between  Uie  leAectoar  and  its  centre  c 
The  poiitt/ia  called  the  principal  Jbctu^ 
and  ita  SUMoeefv  horn  the  speculum  or 
rcfledor  is  called  the  prineqmi  Jbeai  du- 

In  Tig,  U,  f  h  ibe  prine^na  foeut,  ^.16. 

watSdag / p ^f  c ;  thajoeut  to  the 

laya  fiucwiliig  fhm  a  htmrnoos  point  at  r;  in  this  can  the  incident 
ia|«  aro  not  paialki  to  the  aoda ;  hence,  by  way  of  diatinctioo,  the  focne 
of  peraUd  laya  it  eaDed  ihepHtteipai  foc%u. 

Wbga  tl»  lays  of  fight  oome  fiKmi  a  point  r  beyond  the  centre  «, 
aa  in  Vi^  14»  tin  nftoctad  zaya  will  all  oonfeige  to  the  tocm  i 

18 
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bvlween  tne  principal  fixiua  /  ind  (he  centK  e 
of  the  fpeculuDt ;  oo  the  conlniiy,  if  the  tajs 
of  light  come  from  a  point  r  (see  Fig.  U)  be- 
Iweea  the  nurroT  and  the  principal  focut^  the 
reflected  rnya  •  j,  •  ?',  ic  Hill  all  divcrgp  frum 
UiL>  axi£  V  0.  If  the  luminouB  body  be  placed  in 
the  prindpol  focus  /,  (see  Fig.  15.)  iJicn  tlie  re- 
flected roya  i  r,  ■  r',  &e.,  will  all  be  paniUel  (o 
one  another. 

Tht  ima/a  of  the  o^ecl  u  inmrled.     Let  D  E 
be  the  wucave  mjirar,  (Ke  Fig.  17  ;)  C  its  ceitre  i  A  B  »  diMmt  tH^itt 
plated  hriofe  it ;  ond  a  fi  its  in-vertcd  image,  reflected  from  lh«  i 
HiTe  the  iucident  rays  A  D,  proceeding  bum  the  point  of  th« 


Fif.    10. 


f%.  17. 


■re  reflected  in  the  ditt>ction  D  a,  making  the  angle  of  reflection  C  D 
equkl  to  the  angle  of  incidence  ADC;  and  the  incident  rays  B  E^  |n 
owding  from  the  foot  of  the  arrow,  are  reflected  in  the  diieutim  B  i 
maVing  the  angle  of  reflection  C  E  A  equal  to  the  angle  of  incidvM 
B  E  C ;  and  k>  on  to  othei  pointa ;  thereby  producing  the  liule  InTMa 
image  a  A  of  the  arrow  in  the  focus  of  the  reflector. 

If  a  ainall  uigect  be  placed  at  tlie  focus  u  b,  then  on  cnlolgid  iMi| 
vill  be  fiinned  at  A  B. 

Ejp.  I.  Place  a  candle  at  a  diatoneG,  oppo^te  to  a  rancarve  ndnn 
[see  Fig.  tT;>  bold  a  thin  piece  of  white  paper  near  the  surface  «<  tW 
nunor;  asrooll,  bright,  iiiveriid  imageof  the- condlewill  be  ihimni 
ths  paper  1  move  the  paper  backwordii  or  ftm-mds  until  jaa  bm  grt 
Ihe  exact  focu^  ■ 

fii;^.  2.  Rimno  the  last  experiment,  that  is  to  laf,  ploee  iIn  c 
in  the  fbeua,  and  then  an  enlarged  image  will  he  thrown  tqMm  the 
fiUctd  at  A  B. 

Btp.  3.  Bold  the  concSTe  mirror  &cing  the  nin ;  hold  ■  pip 
pi^cr  io  the  (bdu.  and  au  iuttmely  bright  imnge  will  be  Ibnund.  i 


ra  vtff  well  tat  nakiait  tUoe  a 


LIOHT  AKD    HEAT. 

wiD  afanost  instantly  ignite  the  paper.  This  forms  a  homing  miiroK 
In  this  case  the  huninous  image  lies  in  the  principal  fecus  of  the  re- 
flector* 

Exp.  4.  Place  the  candle  in  the  principal  focus  of  the  reflector ;  the 
rays  of  light  will  all  be  reflected  parallel  to  the  axis,  and  will  illuminate 
the  wall  of  the  room  upon  which  they  are  thrown.  Bring  the  candle 
still  nearer  to  the  reflector,  and  the  reflected  rays  will  all  diverge  &om 
the  az]%  and  will  illuminate  a  greater  extent  of  sur£Eu^ 

Exp,  6.  Place  the  olgect  N  S  between  the  miixor  and  principal  focus 


Fig.  18. 

ft  as  shown  in  Tig.  18 ;  an  enlarged  image  of  the  object  will  be  seen,  in 
its  erect  positioii,  behind  the  mirror. 

Exp.  6.  The  magic  mirror.  —  Place  a 
■Ball  akj/ect  9  »,  concealed  from  the  view 
of  the  obeerver,  between  the  centre  c  and 
the  principal  focus  f;  recdve  the  enlarged 
image  N  8  through  an  opening  cut  in  a 
board ;  look  in  the  direction  of  this  opening, 
and  yoQ  will  see  the  image  suspended,  as  it 
were,  in  the  air. 

This  effect  is  easily  explained  on  the  prin- 
which  hare  been  already  expoimded. 


Fig.  19. 


13.    CONVEX   MIRRORS. 

The  prinetpal  focus  of  a  convex  mirror  h'es  as  far  behind 
tho  reflecting  surface  as  in  concave  mirrois  it  lies  before  it. 
The  focTis  in  this  case  is  called  the  virtual  focvSj  because  it  is 
only  an  imaginary  point,  towards  which  the  rays  of  reflection 
appear  to  be  directed. 

Let  N  S  be  an  object  placed  before  a  convex  mirror,  (see  Fg.  20 ;) 
tf  tba gHnctzkal  oontre  of  the  miner; /the  iiinoipal  Ibeut;  KAaa 
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incidental  ray ;  c  A  D  a  straight  line  drawn 
from  the  centre  c ;  A  B  the  course  of  the 
reflected  ray,  making  the  angle  of  Flec- 
tion DAB  equal  to  the  angle  of  incidence 
NAD;  then  a  small  direct  image  n  t  will 
be  formed  in  the  focus. 


Fig.  20. 


The  general  effect  of  convex  mirrors  is  to  produce 
image  smcdler  than  the  object  itself. 

The  phenomena  of  reflected  images  is  more  fully  <*yhim»l  in 
21  and  22. 


The  incident  rays  M  D,  M  F,  arc  seen  in  the  directioDfl  D  m,  F  m  ; 
and  N  G,  N  II,  arc  seen  in  the  directions  G  n,  H  n ;  where  the  d»<rtimoe 
A  m  and  F  n  behind  the  mirrors  have  a  certain  correspondence  with  the 
rraprctive  distances  of  the  points  M  and  N  in  front  of  the  miirora. 


THE   RKFRACTION    OP   LIGIIT. 

14.  The  followinjr  remarkable  law  obtains  in  relation  to  the 
refraction  of  light :  Wlien  a  ray  of  light  passes  from  one 
transparent  medium  to  another,  the  sine  of  the  angh  of  inci^ 
dence  has  always  a  constant  ratio  to  the  sine  of  tJie  angle  of 
refraction. 

Suppose  m  n  Ix?  tho  surfnco  of  water,  (sec  Fig.  23  ;)  ah  the  incident 
ray,  making  with  the  perpendicular  h  h  d  the  angle  of  incidence  x  at 
ah  d;  he  the  refracted  ray  Ix-nt  from  the  right  Hne  a  hf  and  finning 
the  angle  of  refraction  y^ar  c  h  h.  With  6  as  a  centre,  describe  the  drcle 
ado;  and  on  A  d  let  Mi  the  peipcndiculazs  a  g  and  ch;  thai  a  ^  It 


UOItT   i 


•   tUAT. 


— «.  uul  c  A  >*  Cftlkd  the  Kiv  i/ 
'..'  aigNb  vf  r^ttetioit,  and  thcoc  two 
:i-»lureklmr>accia(aD»nitifi  to 

-~rh  UlhcT,  Ttx.,  Ml  i  ta  ^,  DC  W   I  dJE 

u)  I,  wbaBTeT  (vithin  coluui  ic 
wncljiu)  Ruy  be  the  angle  nl  whiuh 
tbif  nf  a  b  acca  Ibe  ntiliioe  ol  the 
Ituid.  Hw  uuuiber  I. '136  is  cbUhI 
A*  iH^ec  (>^  refraetion  toi  waur 
Wboi  tlw  medium  u  Suit  k1b»i  tlu. 
sartrf  the  rnigiF  of  iucidenoi  ag  a 
w  tbr  aac  of  ihe  angle  of  nAwibon 
rA  a3tul,nta>l.Ai«lul  luwiy. 
Tbv  Btunba  l.j  i«  callnl  the  index  tf  rdVnction  fin  flint  glas 


fijl-  23. 


Q^aa, 
IbnHbn,  h«  a  higher  refinctivu  power  than  wbUt.  Geuetallj  speaking, 
Ok*  dtmmt  th*  mtdivm  lAt  AigMrr  it  Ut  rrfntftive  potevrt, 

Wlii-n  «  my  of  light  |>aa»rs  from  a  rare  to  a  dense  medium, 

Rfor  example,  from  air  lo  waler,  the  refracl«i  ray  is  bent 
Bnit  lb«  {lerpendkulnr ;  ito,  conversely,  when  the  ray 
t»  from  a  dense  U>  a  raw  medium,  the  refracted  ray  is 
I  Jnm  tlie  pi>rpendicu1ar. 
rmai  iiTniuilcd  fir  Iho  re&BCtion  of  light  on  the  mippositJnn  that 
Binlii  al  AiSai-n\  iinitpudlUinB  exot  im  atliactive  power  on  the  rajl  of 
Ufhi  wbjn  ihry  aii^iirinrh  their  respective  boundaris:  thus  the  fluid 
■I  fi  \trt  Fi^.  ii)  \t  iij|f]ioiih1  to  exert  an  ottiactiTe  influence  upon  the 
iaeiihftf  raj  o  t.  when  li  ippronchra  the  surface  m  n,  and  thercly  bends 
tW  coona  of  the  nf  downward*. 

Pattagt  of  a  Ray  Ihmvrfh  a  Plate  of  Gluts. 

U.   TW  ray  will  \n'  U'nl  downwards  upon  raitor-  ^  I 

Ib(  ibr  jitsta,  but  it  will  be  bent  as  rnueh  tn  the  om-  — — r-^L  .  .  -  ■  ] 
trsrv  dlration  upon  pwKing  vol  of  the  plotc,  ai  v  _.■ .  1\^'-  J 
■  ■   -«n  la  FV?.  St.  «i  that  Ihn  counc  of  the  ray  ufter  ^v 

rii-non  will  tr  jiwidH  to  ths  direction  which  it 


Fig.tl 


ijf»  o/a  rrfraeted  Hay  thnagk  a  Pritm. 

■  C  (Fig.  »S)  be  a  (ninu  uf  plas  :  a  r  the  iccidpnt  tav  bUing 

'«lr  on  (Op  btM  of  Uu-  ftimn ;  thm  the  my  will  undergo  no 
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refraction  on  entering  the  prism,  for  it  will  pur- 
sue the  straight  course  arc;  but  upon  leaving 
the  oblique  face  of  the  prism,  the  ray  will  be  bent 
towards  the  surface  of  the  glass,  or,  what  is  the 
same  thing,  it  will  be  bent  from  the  perpendio- 
ular  c  m,  and  will  move  on  in  the  direction  c  E. 
If  the  incident  rays  had  been  inclined  to  the 
plane  of  the  first  face,  they  would  have  unde  ' 
gone  two  different  refiractions. 


Fig.  26. 


The  Multiplying  Glass. 

17.  A  D  C  B  represents  a  section  of  a  piece  of  cut  glass  ha.Txiig  tlira 
feces,  A  D,  D  C,  and  C  B,  inclined  to  one  another,    d* 
as  shown  in  Fig.  26  ;  c2  an  object  placed  in  front    \ 
of  the  face  A  B  ;  then  an  eye  at  a  will  sec  three       \ 
distinct  images  of  the  object.    The  rays  d  b  un- 
dergo refraction  in  passing  from  the  face  A  D,  and 
db'm  passing  from  B  C,  and  so  on  to  the  other 
faces.    The  number  of  images  seen  always  corre- 
sponds to  the  number  of  inclined  faces  in  the  mul-  a 
tiplying  glass.                                                                    Fig,  26. 


Refraction  in  Lenses  or  Glasses  with  curved  Faces* 

18.  There  are  six  different  forms  of  simple  lenses. 

No.  I.,  Fig.  27,  represents  a  dmtble  convex  lens ;  No.  II.  a  piano^ 
convex  lens ;  No.  III.  a  meniaciu  lens,  like  a  watch  glass ;  No.  lY.  a 
double  concave  lens ;  No.  V.  a  piano'concave  lens ;  and  No.  YL  a  coit- 
cavO'Convex  lens. 


u»      HI* 


JV*         T»        VT9 


Fig.  27. 


f^.  28. 
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D^htitioHM  relative  to  lenses.  —  The  line  p  q  (see  Fig.  2f8)  is  called 
the  diameUtr ;  c  the  geometric  centre ;  c  n  the  axis ;  m  the  optical 
caaUre ;  im  oa  principal  when  it  passes  through  the  optical  centre. 

Radii,  e  it,  c  «,  &c.,  being  at  right  angles  to  the  curved  surface,  con- 
ttitttte  the  perpendiculan  from  which  the  angles  of  incidence  and 
refraction  sre  estimated. 


FOCAL    DISTANCES    OF    LENSES. 

19.  DoMe  convex  lenses,  —  When  the  incident  rays  are  paraUelt  the 
diitaDce  of  the  locus  /is  equal  to  the  radius  of  the  spherical  surface,  as 
shown  in  Fig.  29.    Here/  is  called  the  principal  focus. 

"When  the  incident  rays  are  divergent^  as  in  Fig.  30,  the  focus  r  lies 
beyond  the  principal  focus/. 


Pig.  29.  Fig.  30. 

When  the  incident  rays  are  conicergentt  as  in  Fig.  31,  the  focus  r  lies 
within  the  principal  focus. 

20.  Plano-convex  lenses,  —  When  the  incident  rays  are  parallel,  the 
^^ifltf»My  of  the  focus  r  is  equal  to  the  diameter  of  the  spherical  surface, 
as  shown  in  Fig.  32. 


Fig.  31.  Fig.  32. 

21.  In  the  double  convex  lens  L  L,  Fig.  33,  O  and  O'  are  the  centres 
of  the  surfaces  of  the  lens,  and  also  the  principal  foci  ;  R  the  radiating 


1^.33. 
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point ;  F  the  focus ;  and  when  R  approacheB  to  P,  the  focus  F  reoedes 
to  P' ;  and  when  R  comes  to  O',  the  £dcu8  is  infinitely  distant. 

22.  Double  coficave  lettses.  —  Divergent  incident  rays  diyerge  stiU  mate 
after  refraction,  and  seem  to  proceed  &om 
a  point  nearer  to  the  lens  than  that  from 
which  they  actually  proceed,  as  shown 
in  Fig.  34,  where  the  rays  proceeding 
from/'  are  refracted  towards  r,  and  ap- 
pear as  if  they  had  emanated  from  W. 
And  90  on  to  other  cases. 

The  foci  of  lenses  may  be  readily  found 
by  the  methods  of  trial  explained  at 
page  146,  &c. 


Fig.U. 


IMAGES    OF    OBJECTS    FORMED   BY   LENSES. 

23.  Convex  lenses,  —  If  the  object  N  S  lie  beyond  the  principal  focoa, 
as  shown  in  Fig.  35,  the  image  n  s  will  be  inverted.  If  the  object  be 
very  remote,  as  in  the  case  of  the  sun,  then  the  image  will  be  farmed  in 
the  principal  focus  /;  in  this  case  the  image  will  be  very  smaU.    If  the 


Fig.  35. 

distance  of  the  object  be  equal  to  twice  the  principal  focal  distance,  the 
image  will  be  at  the  same  distance  on  the  other  side  of  the  lens,  and  of 
tlie  same  size  as  the  object. 

If  the  distance  of  the  object  be  still  further  diminished,  yet  not 


Fiff,  36. 

the  principal  focal  distance,  the  image  'will  recede  from  the  lens,  and  its 
dimciiKioiis  will  be  increased  accordingly,  as  sho^n  in  Fig.  36. 

If  the  object  N  S  be  brought  within  the  principal  focal  distance^  as 
shown  in  Fig.  37,  an  eye  at  the  focus/ will  see  an  enlarged  image  of  the 
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defect  at  n  «.    In  this  case  the  refracted  rays  do  not  cross  each  other,  and 
bence  the  image  is  seen  erect. 


1^.38. 


Fig.  37. 

Convex  lenses  are  called  maoniftino  glasses,  because 
the  J  thus  increase  the  apparent  size  of  objects  viewed  through 
tbem. 

24.  Concave  lenses.  —  These  lenses  diminish  the  apparent 
size  of  objects ;  hence  they  are  called  diminishing  glasses. 

An  object  N  S,  (see  Fig.  38,) 
Hewed  from  the  point  /,  will  pre- 
sent a  small  image  n  «  in  the  vir- 
tual fbcns. 

AH  the  phenomena  relative  to 
convex  and  concave  lenses  are  pre- 
cisely analogous  to  those  produced 
by  concave  and  convex  mirrors. 

25.  Distortion  of  iMages  produced  by  sphericcd  aherra-' 
iion.  —  The  images  of  objects  produced  by  spherical  lenses 
and  mirrors  are  only  true  for  the  rays  which  lie  near  to  the 
axes.  The  rays  which  fall  at  a  distance  from  the  axes  pro- 
duce distortions  in  the  images,  which  have  been  called  sphcri- 
cal  aberrations.  In  order,  therefore,  to  produce  a  tolerably 
correct  image,  it  is  necessary  that  the  extreme  rays  falling 
upon  the  lenses,  or  upon  tlie  mirrors,  as  the  case  may  be, 
shoold  be  excluded  from  the  other  rays  forming  the  picture. 

There  are  other  devices  for  cfTccting  this  purpose,  which  would  be 
foreign  to  the  object  of  this  work  to  explain  very  minutely. 

Hcscaitcs  discofered  that  a  concave-convex  lens,  A  L  a  L,  (Fig.  39,) 
having  for  its  convex  surface  a  portion  of  an  ellipse,  could  be  made  so  as 
to  correct  any  spherical  aberration  ;  and  Sir  J.  llcrschcl  discovered  that 
the  same  mi|^  be  effected  by  two  lenses,  A  B  and  C  D,  (Fig.  40.) 
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23.  Cauttic  eurvet  firmtd  by  rtflettioit.  —  The  nyB  of  light  idlte 
fiom  the  different  pointa  of  a  concave  reflector  M  B  N,  (Fig.  41.)  a 
one  another  at  particular  points,  and  thus  a  liuniiHnu  aarrt  of  lOBec 


light,  known  by  the  name  of  the  atutiie  mrtw,  it  fimned.  R  I.  B  2, 
R  3,  &<:.,  arc  the  incident  rays  iax)cecding  from  the  luminoua  pant  R, 
and  1  1.  2  2,  3  3,  &c.,  are  their  respective  reflected  isys ;  the  luminoua 
iiitftHOi'tiotiii  form  the  caustic  curve  M  F  N. 

T(i  obacTvc  this  curve,  place  s  lighted  candle  at  ■  little  diHancc  from  a 
b«Hn  about  ono  half  full  of  milk ;  then  a  luminoua  curve  will  be  ■Dm 
upiin  the  Biirface  of  the  inilk. 


OPTICAI.    INSTRUMENTS. 

TIIK   HfMAN    EVE. 

27.  The  eye  is  a  Ien.4  of  the  most  delicate  and  elabonta 
construction.    The  eye  ia  so  constructed  that  it  fbnns  iiaagw 
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-"■f  ejtirrnml  obJMto  apmi  n  ihin  *em>n  of  oprvp*  fommunicnV- 
1^  wilh  the  bmin.  nnd  lime  the  smnulioD  of  vision  is  pru- 
Irii-nL  TL«TO  U  noiliJng  in  iinture  nliich  mtirc  tiilly  deman- 
[.-uie«  the  existence  of  a  gr^xl  and  tieiieticont  Creator  lliun 
.'  .^il»)iialiuu  of  (lie  bumuii  eye  to  the  |iur{><i9es  for  which  it 
I'  '  ,  I'-^l  (o  fervo.  Let  us  look  mora  miuutHy  into  the 
.  r..n-i[i  tiim  ot  ihis  wonderful  organ. 

The  evo  is  netirlj  spberic^nl  in  (igurc ;  it  consists  of  seveml 
mcfabranra  or  eoats,  the  anterior  or  front  portions  of  which 
Bn>  Irmnsparant,  so  as  to  admit  tlie  raya  of  iigbt  proceeding 
f-<iia  rxii^mul  ohjccti  into  the  interior  of  tiie  eye.  These 
.  iiitH  t-odne  two  colorless  fluids  or  humors,  separattd  from 
L^b  ij[hcr  by  memhriiiieg;  llie  anterior  poi'llon  I)cing  called 
Utc  ayitcttiM  humor,  and  the  poslurior  portion  the  vitmout 
Itmmor.  In  the  cenlrti  of  ttiis  partition  is  u  circular  aperture, 
or  hols  for  the  ftdtuiasiou  of  li};ht,  called  the  ptijn't  of  the  eye, 
behiml  wiiich  is  a  double  convex  len-S  culled  the  ert/glaSing 
ImM.  OfjioeiUi  to  thia  lens  is  the  optic  neruB,  whiru  extends 
itself  over  the  iuner  surihoe  of  the  eye.  The  eye  is  sur- 
rouDiled  by  bones,  and  is  nioved  by  various  muEclea.  The 
opiic  tm-res  of  both  eyes  unite  in  K  common  nervous  cord 
which  communicates  with  the  liroin. 

fig.  43  )V[raents  a  front  view  oT  ttu-  eye;  and  Fig.  42  n  acctiontl 
view  of  iL    Tlw  Kune  lettera  of  reiereiii-e  aie  tusd  in  boUi  liguna. 


Fif.i%. 


Fif.Ai. 


t  mcmbrtnE.  ii  coUcd  the  SdrrotU  mat .-  ii  Ifarau 
■  whiW  of  tin?  eji-  i  a  be,  the  (mating  tnuispumit  part,  a  ciOInl  the 
«  to  tbr  Or^itaOme  Itnt  mupoidnl  bctwitii  tit.'  Ciliary  Pronttti 
diifendcthe  lypbitiJ  tirochuatxn,  Itaigm  n  A  ;  ihe  smaller 
a  J  i«  tUUd  willi  tliG  .IfiMeHi  humor,  aucl  Ilu;  Intga 
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and  pottdior  partum  with  the  FVlrrofu  Aumor;  the  tanner  hnmMr  tl  I& 
tratGT,  and  llie  latter  aumeirliBt  like  h  jelly,  but  both  ore  colurli^  and 
~hi;;lily  tnuispBTcnl,  and  bsTC  about  the  same  tcAoctive  powen  aa 
which  is  also  the  case  with  respect  to  the  crystallinH  humm.  g  m 
the  Clmreid  coal,  lining  the  whole  of  the  interior  turiiioc  of  the  addotio 
coot,  in  the  fbnn  at  a  black  fiUmy  [ngment  or  paint,  to  pcwrait  aaj 
flectioii  of  light  taking  place  within  the  eje.  Between  the  aj'stnllinar 
leus  and  the  cornea  is  the  Irii  kale,  which  gives  the  peculiur  color  19 
the  ling  of  the  eye,  in  the  middle  of  which  is  the  PvpU  I,  which  hat  iJt^ 
■  power  of  expanding  and  conCracIiug  to  rait  the  intensity  of  Ihi  UghE> 
/  ia  the  Optic  Xerve,  which  passes  thifnigh  the  sdeMticji  and  ipntlh 
itself  (fvcT  tliiE  coat  in  a  retii<iilated  form  n  n,  ui  in  the  farm  of  fulVN^ 
and  JB  called  the  Relina.  The  nerves  of  the  two  ejes,  aa  wt  hmc  ilrMidy 
obteTved.  iLoile  in  a  common  nervous  cord  which  vommimicsta  witli  the 

Now,  when  taya  of  light  from  snj  luminous  object  fnil  upon  lite  «y^. 
they  pura  through  the  pujnl,  and  thai  become  iv&sctcd  by  llm  ui^sl^ 
fine  lens  in  the  same  manner  as  by  any  oth<3'  double  oooTex  Itna, 
Ibcn  donvc^ie  to  a  focus  at  the  retina,  where  a  tiru^  inpsitcd  inin| 
the  otae<^  is  formed,  which,  acting  on  the  fine  oetworit  of  n«T<^ 
duces  the  sensatiou  of  rLdon.  It  must  be  observed  that  the  Bqumn 
vitteouB  humors  also  influence  the  rcftscdon  of  the  light. 

When  ttic  leiii^es  of  the  eye  are  too  rouni],  or,  it  tnaj  bo^ 
too  dense,  the  mys  of  light  are  brou^t  to  a  locos  beibre  thqr 
retich  the  retina:  this  takes  place  with  ihort-gighttd  peoplei 
on  the  contrary,  when  the  lenses  aiv  too  Hut,  or  too  ihiOt  tba 
fbcuB  of  the  rays  lies  beyomd  the  retina :  thl<i  takes  plnee 
agod  people,  who  arc  said  to  be  long-tigktgd.  To  correct  ill 
focus  of  vision,  short-sighted  persons  use  concave  glassai,  Uli 
on  the  contrary,  long-sighted  persons  use  convex  glnstcs. 

As  olject  appears  leas  and  Ices  as  its  distjmcp  bom  ualft  iiii  iiwaii 
TtiuB  the  BiTow  at  A  Tl  (Fig.  44)  will  uppear  larger  b)  the  eye  B  of 
■on  llian  it  would  do  at  1)  C.  If  the  agipaicut  lengths  of  the  arttr 
Jme  two  poation*  be  measured  by  means  of  a  pencil  or  liltlt  i^,  « 
II  find  that  the  snow  at  A  B  will  appear  of  tba  axe  n  &  on  the  pmd 
[    wbereB*  the  am>»  at  D  C  win  appear  only  of  the  size  d  c  on  th«  penoB 

In  jnd)pn^  of  the  actual  siie  of  an  object,  we  always  lali 
iaio  ««K>unt  tlic  distance  at  wfaicb  it  is  seen. 

Urns,  although  a  boy  near  at  hand  nuj  appear  to  us  lugv  ft^ 


LZGBT   AND   HEAT. 


157 


H^.  44. 

man  at  a  distance,  yet  we  always  form  a  correct  idea  of  their  rdative 
ilinn*pfK*"«  by  »««l"'ng  an  allowance  for  the  effect  of  distance. 

We  form  a  judgment  of  the  distance  of  an  object  by  the 
number  and  size  of  the  intervening  objects,  and  by  the  dis- 
tiDCtness  or  indistinctness  of  its  outline. 

The  epiie  at  a  church,  as  it  appears  in  the  far  horizon  piercing  the  sky, 
may  be  Tcry  lofty,  or  it  may  be  scarcely  higher  than  an  ordinary  build- 
ing; but  there  are  men  and  carriages,  fields  and  cattle,  forests  and  houses, 
hills  and  Talleys,  between  us  and  that  spire,  and,  besides,  the  \\'indows  in 
its  tower  arc  so  indistinct  that  they  con  scarcely  be  distinguished ;  from 
all  this  we  conclude  that  the  spire  is  a  great  distance  off,  and  that  it  is 
▼ffy  kfty.  A  man  seen  through  a  fog  sometime?8  appears  to  us  like  a 
giant ;  how  is  this  ?  The  fog,  while  it  thro'ws,  as  it  were,  a  veil  over 
the  intervening  objects,  causes  the  object  to  appear  indistinct,  and  there- 
by gives  us  a  false  impression  ^-ith  respect  to  its  actual  distance ;  that  is 
to  tay,  the  fog  causes  us  to  believe  that  the  man  is  at  a  greatCT  distance 
from  UB  than  he  really  is,  and  thus  we  are  led  to  assign  to  him  an  unu- 
sual magnitude.  We  make  the  same  allowance  for  distance,  &c.,  with 
rapect  to  the  otgocta  represented  in  a  picture  that  we  do  when  looking 
at  the  actual  olgects. 

The  angle  formed  by  the  rays  of  light  passing  from  the  top 
and  bottom  of  an  object  to  the  eye  is  called  the  visual  angle 
or  the  optic  angle. 

Thus  the  visual  angle  of  the  arrow  at  A  B  (see  Fig.  44)  is  the  angle 
ABB;  whereas  the  visual  angle  of  the  arrow  at  D  C  is  the  angle 
DEC,  where  it  will  be  observed  that  the  visual  angle  formed  by  an  ob- 
ject becomes  less  and  less  as  the  object  recedes  from  the  eye ;  or,  what 
amounts  to  the  same  thing,  the  apparent  magnitude  of  an  object  is  in 
fxUMrtion  to  its  visual  angle. 

14 
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In.  like  nuuiier,  the  travellet  a.t  f  df  will  hare  tbe  tame  tf 


Fig.iS. 

magnitude  to  the  e7C  at  a  as  the  distant  croas  d,  because  the  Tisoal  an- 
gles b'  a  d'  and  had  arc  equal  to  each  other. 

In  order  to  understand  the  way  in  which  the  cj'e  recdvos  impreasioiii 
of  objw;ts,  let  ua  »upp(»c  that,  in  Fig.  46,  K  rcprssents  a  section  of  the 
human  eye,  P  tlic  pupil  in  front,  E  the  cry^ai&a  ieiu,  in.  which  all  the 
rays  are  refracted  and  croa  each  other,  k  q  the  concave  surface  of  the 
back  of  the  eye,  called  the  ratiita,  on  which  the  image  <^  the  otjjeet  it 
projected  ;  moieover,  let  us  Bupp»<c  that  the  eye  of  the  perrnn  »  looUif 
Bt  the  croffl  A  B  C  I>,  and  that  U  H  U  N  represents  a  picture  frame  in 
which  a  pane  of  glass  is  inserted,  having  its  surface  coated  with  poB 
arable  so  that  chalk  Unca  maybe  traced  u|>an  it,  giving  the  picture  cbdt 
of  the  cross :  then  rays  of  light  uill  proceed  from  every  part  of  the  CT<M 
C  B  to  the  eye,  or,  what  is  the  same  thing,  from  every  part  of  the  'po- 
tore  c  6  to  the  eye,  and  will  form  the  inverted  image  m  p  of  the  CT<Mi 
upon  the  rctina ;  thus  it  will  be  undcrxtood  that  the  oliject  and  its  ptc> 
ture  would  Cirm  the  same  image  upon  (be  retina,  for  the  point  b  aiXO' 


Fig.  48. 


cq)tB  the  view  of  B,  c  that  of  C,  n  that  of  A,  and  so  o 
move  the  cross  B  C  to  F  G,  the  picture  f-j  on  the  Rlase,  as  well  as  th« 
ima^e  k  q  upon  the  rctina,  would  be  much  larger  ;  thus  it  appurs  that 
(Ae  Image  on  the  rciina  a  iargtr  or  vmattrT  at  the  vlfjeci  adtanat  to  or 
r*rrdea  frmn  the  eye  of  Iht  ipectator. 

'When  on  object  is  biought  loo  acai  the  eye,  the  angle  of  TiBaa  and 
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tlv  trotce  of  iIh-  ctjcci  faRouf  M  enlorgrd  that  Ilie  image  ia  Hurrwa 
bEjmd  the  icIitul,  wMcli  oucosianf  ub  lo  lee  ihe  otgect  iudislini.'tl}'. 
Pomn*  of  a^iaazj  tuiod  ciuuiot  mv  objci^U  dktiiicUy  when  tliey  me 
tdthia  Hit  '"^'■""°  of  six  or  dgbt  incbcs  from  ibe  eye. 


tnicroscope  magnifies  the  images  of  miiinte  ob> 

cmableB  ds  to  sec  tiiem  with  greater  dktinctness. 

ii>  is  v^ctod  by  enlarginif  the  visual  angle  ;  for,  ad  we  have 

crcry  olyecl  appeam  larger  accoriling  as  we  increase 

angle. 

7%«  Single  MicroKope. 

it.  The  an^  niicrfi*cope  con- 
tkto  of  ■  MOglr  coiiTex  idm  m, 
with  ■  Toy  ihoft  foca]  dklancc. 
Aa  (TS  al  s  (i«e  Fig.  17)  wonld 
M*  lb*  «TO<r  6  c  imdn  the  visunl 
■ifle  ia  t;  bin  wboi  the  hais  tn 
■•  faucfpncd.  It  b  Kcn  imdo'  ibe 
TBilal  angle  B  a  C,  and  benoe  it 
m«al«  mucb  silo^nl.  as  shown 
ia  Uk  inuiipi  D  C  11h:  principlce  of  nJniMitin 
harr  almilv  btcn  cspLuned. 

In  o*dfT  to  ice  tbr  image  dieiiiictly,  it  if  of 
. ;  yrt  ibpuU  It  plot  2d  in  the  fbviia  of  tho  Icnti. 

Uncon  tniiTan  nutf  b«  also  used  as  miciuacopcK.    (Sec  Fig.  If).} 


7^0  Compound  Microicope. 
M.  The  compMind  micrtecope  wiuists  of  two  or  more  conves  lralfe^ 
■]r  iif  ■  inmitiinaliirn  of  Imss  nnd  roscBve  tniiron. 

i    .  ,1  ormipound  microswipc  ronnuiting  of  tn-o  convex 

ii™t  lens  B  a  CRlInl  the  otgrd  gtaii',  unii  I  he  »ee- 
I  ft  i»  the  ohJL-rt;  n'  fc'  the  invpTlfd  moEiiifi«t 
:■  It  i  A  thetTeoftht'oWTTWi  a*  b*  tbo  image 

<<':•  C,  uni!  Mv-n  luiiIiT  ihc  enlargtd  rimal  a»iil# 

■in«>w  tlielwiK  B  tobnvp  a  magnifying  pnwct  of 

_  .  ■■■■•■J.i  It'  A'aiuulH  iH  tiiTHs  a  6,  and  the  law  C  to 

.  .  •-!  I J  4,  —  then  llie  ftjj  magnifyine  powtr  of 

«  wUl  Lo  i  llmea  SS,  oi  100  —  UuU  ia  to  aay,  the  image  of 


Fig.  <7. 


opon  whith  this  depends 
course  mjuifiitc  that  the 
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the  otgect  will  aj^Kar  100  timn  the  ue  of  the  abject,  and  the  yi 


Fig.  48. 

angle  »■  A  i*  will  be  100  timea  the  riaual  angle  which  the  otgect  itKtf 
would  form  with  the  eye  at  A. 

The  microscope  enables  us  to  sec  the  etructure  of  varioiu  minute  ob- 
jects. The  drawings  fihown  in  Fig.  49  represent  the  appearance  ot  acne 
minute  olijecta  when  seen  through  a  tolerably  good  micioscope.  A.  i^ 
reficntB  the  ning  of  a  small  insect  called  NMnriiiui  ;  B  and  C  (Iw  hoil  fli 
the  bat ;  and  O  and  E  the  haii  of  the  mouse. 


SometimoB  minnrs  arc  placed  beyond  the  oljccts,  to  throw  a  pcato 
amount  of  light  upon  them. 

THE   TELESCOPE. 

31.  Tcleswpcs  nrc  u^pA  to  majjiiify  the  images  of  distant 
objects ;  and  ihw  is  done  in  tlie  ssirao  mnnner  a.i  in  the  micro- 
acope,  viz.,  by  enlarging  the  visual  angle  at  which  they  are 
Been. 

There  are  two  kinds  of  telescopes  used  —  refrattiug  tolo- 
Bcopes  and  reflecting  telescopes. 
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Refracting  Telescopes, 

32.  The  attronomioal  iele$eope  is  rqircficnted  in  Fig.  50.  It  consists 
of  two  convex  lenses,  C  and  B,  of  unequal  size  and  focal  length.  The 
eye  glaa»  B  has  a  much  greater  magnifying  power  than  the  object  glass 


-J^ 


^ 


Fig,  50. 

C,  which  is  just  the  revcnc  of  what  is  observed  in 
the  eonstructkm  of  the  compound  microscope  rep- 
icaaiied  in  Fig.  48;  the  distance  of  the  lenses 
frnm  each  other  is  usually  equal  to  the  sum  of 
their  Ibcal  lengths ;  the  eye  glass  B  is  fixed  in  a 
sliding  tube  for  the  purpose  of  adjusting  the  focal 
distance  between  the  two  lenses  to  suit  the  vary- 
ing distance  of  objects,  a  5  is  the  distant  object ; 
a'  b'  its  image  formed  by  the  lens  C ;  B  the  eye 
glass  which  magnifies  this  image,  so  that  it  is  seen 
by  the  eye  A  magnified  at  a*  6'. 

The  night  gkus  is  similar  in  its  construction  to 
the  astronomical  tcdescope. 

33.  The  terrestrial  telescope  is  represented  in 
Fig.  51  ;  it  usually  consists  of  four  convex  lenses, 
L,  O',  O*,  and  O^  ;  it  may,  therefore,  be  regarded 
as  a  dcnible  a^itronoruicul  tcU-Hcope.  These  instni- 
miaits  i^how  objects  in  their  natural  position.  The 
lens  L  has  a  great  focal  length ;  O',  O^  and  O^ 
arc  three  double  convex  eye  glasses,  having  short 
equal  focal  distances  set  in  the  f4unc  sUcliiig  tube,' 
•o  that  the  posterior  focus  of  one  lens  may  exactly 
coincide  ^ith  the  anterior  focus  uf  the  next. 

This  sliding  tulK  enables  the  observer  to  adjust 
for  the  ibi:us  of  the  field  gluj9>  L. 

34.  The  Galilean  telescope  is  rei)rei<cntcd  in  Fig. 
62  ;  it  consist**  of  a  convex  object  glass  L  and  a 
|]lflDO-convex  eye  glass  O.  The  inverted  image 
^  6'  which  would  be  formed  but  for  the  lens  O, 

14* 


^ 


Q 


% 


it 


Fig,  51. 
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which  bj  ils  iFfraction  eausa  the  1071  to  ilJTtTgc  from  ore  onntha,  ■ 
tluieby  fbnus  Uic  onxt  iniu^  a'  !•',  wMch,  of  coucw.  lis  sten  by  Ih*  r; 
at  ui  enlarged  vuiiial  angle.  This  inBtramcnt  is  nmr  chicljj  a 
opera  gtati. 

Achromatic  Lntnes, 

3S,  The  innniments  jiwt  dcscribctl  harp  two  gmt  ddint*  I  (!■)  1 
ddket  ariidng  fhnn  sphericnl  obecTDlion ;  ('2.j  The  di-(«ct  ariang  ft 
colcn^  light  produixd  by  the  priamMu;  dlii'ompoiutiau  of  Ibc  light.    { 
page  153.)   Id  ocAtr  to  remed}'  thaw  delix-U.  DoUaud  innmidl  whtt  m 
called  achiomalic  lensts. 

The  acbromalia  leoi  rcprwaitcd  in  Fig.  £3  oor- 
oBa  at  a  plnuo-cancirye  fUut  gtiut  fltud  on  one 
fiuzc  of  a  double  cohtci  emwii  glim. 

Light,  upon  passing  through  a  glan  lens,  is  rfu<  J^fL 

prrted  —  that  is,  the  light  bt  («paralcd  into  diils- 
ent  colored  raftt.  Now,  c^o^Tn  and  Sint  glan  difii-l  conHdmUf  in  ll 
diipenivt  pawi^rs,  and  at  (he  rome  time  dfRo'  vct7  li(Ilt>  in  tlxir  kA 
tive  ptmetB ;  bcnn:  the  contrivance  of  (he  BchrumutUT  lena  ^mftj  c 
tisto  ill  making  the  di^jietsiie  [lower  of  (he  une  gliw  exarllj  to  c«nU 
■vt  the  disppridve  pu\ser  of  the  other,  and  tbei^ij  to  detfiof  l)w  d 
of  whnt  i»  tailed  chromatic  abeiratitn. 

Fig.  54  raprwenta  the  achromatic  ere  pecc  now  in  eramil  Ml  in 
good  adnomnlu:  telcecopra  Ibr  land  obiectB.    It  conmats  of  Smr  Ian 


A,  C,  D,  Kid  B. 

I    D  k  nMfly  plono-ci 


Limtr  AKP  iiKAT. 


-Mm 


kiml  ervT  exti'iiliil.     It  U  not  iiii)f  uiietiuullcj 

'  "iiTpamiA  in  itw  wur)d.    lu  object  glum  liM  o 

^.  with  a  focil  Lengtb  of  22  feet  B  inchea.     Some 

-    ;    ,  ..,-.    -ic  i>  incW  long,  niokiug  the  entire  lengtli  29  tiirt. 

fvHtti  *[  llus  Itlesoope,  eipliteen  in  number,  range  tfiiiii  103  to 

Tbe  moBble  pariiou  weighs  ubout  three  tons,  but  ii  to  wtU 
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BEFLECTING  TELESCOPES. 

37.  The  Qregorian  telescope^  represented  in  Hg.  56,  oonostB  of  tivo 
concave  mirrors  or  specula  a  and  S  S,  with  their  concave  sui&ces  facing 
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each  other,  and  a  doable  convex  eye  glass  o,  the  whole  being  fitted  in  a 
metallic  tube,  a  6  is  the  distant  object ;  a*  6*  its  invert^  image,  farmed 
by  the  large  concave  mirror  or  speculum  S  S ;  this  image  is  again  re- 
flected by  the  small  mirror  a,  and  thus  forms  the  erect  image  a*  6*,  which 
is  magnified  by  the  lens  o  into  the  image  a^  6*,  when  observed  by  an 
eye  at  A. 

38.  The  Newtonian  teleaoope,  represented  in  Fig.  57,  consists  of  a 
large  concave  mirror  S  and  a  small  plane  mirror  p  placed  ohUqudy  to 
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the  direction  of  the  axis  of  the  tube,  (at  an  angle  of  45°,)  and  a  magni- 
fying lens  o  placed  in  the  side  of  the  tube. 

39.  Herachera  teleacope,  represented  in  "Fig.  58,  has  only  one 
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UQBT  UID    IIBAT.  IfiS 

V  8 ;  tJbia  minor  ii  Inclioed  (o  tlui  nxis  of  the  tube  in  mcb  a  mnn- 
■  v>  Uirow  the  Isnrtcd  image  a'  b'  ilown  to  the  fbcos  of  ilw  cje 

ic  qiMnUiim  of  nCTwhi'J'B  iurgoit  iclEsi-npc  was  4  feet  in  diamehr, 
a  /bcal  (UstDDr^  cif  iU  feeu    A  mur.b  Ijirgti  one  hot  reccatljt  l)6iai 
1  bf  Loxn  Kossa,  in  Belanil.      The  speculum  i>  6  test  in 
ti  irith  ■  fbcnl  diiUuicc  of  SI  feet.     TIil'  iliomcter  of  tbc  tube  is 
7  Ject,  ila  kngth  ii  fiO  fceb    The  wkile  wdght  is  uvij  H  tuns. 


THE    CAHKBA   OBSCUKA. 

■  40.  Tha  Camtnt  IVitfvra,  or  dari  cAamber.  in  Its  most  aimpl?  form,  ia 

t  Ibm  a  ilark  ruoin  with  a  hulc  in  the  winduw  sbutter,  in 

ml  a  [ODTcx  Idu  of  aboDt  two  feet  local  ieagtiu    A  tboet 

■Vrhib!  pipT  ia  ptared  Tertk-ally  behind  the  li<iu,  at  its  iiicus,  and  thai 

»  ^tur?  of  all  the  objects  suen  (rota  thu  U'indow  will  be  die- 

d  «|io(l  the  Eurfoce  of  the  paper,  wbicli  delights  and  fuiprisra  cmy 

n  lluii  behoUs  it.    In  order  to  obtain  a  perfect  picture,  the  grotind 

a  i»:ei><<4  should  be  hollow, 

i  a  pctliOD  of  the  fpbcre  whose  radius  is 

■  ttBMl  itioanep  of  the  lens ;  it  ii  custom- 

o  soalof  this  ground  of  plaa- 


ta  ordrr  to  enable  a  persoa  to  copy  this 
pctinr,  il  Dihould  he  rea.'iFed  upon  b  hori- 
SDOtal  tlifrt  of  popCT.  This  ill  readily  ef- 
trrtAl  by  Rmns  uf  d  plane  mirrar  C  D, 
(SB!  Pif.  W.l  plawd  Bl  an  angle  of  15",  to 
ndMt  tbe  niyH  down  upon  the  lens  \  B, 
which  thtmn  down  the  fdcture  upon  the 
InHtental  tabic  E  P  pkccd  in  the  fbcua  of 
ttv  Ifwu  Tbi-  liraughlncan  intii>dui«a  Ids 
bcsd  through  no  oiiciung  mode  in  one  side 
i4  ih*  fmnc  nnd  Mj  hand,  holding  the  praidl,  through  another  opening, 
nrc  being  iakta  UuU  m  light  is  ollownl  to  fall  upon  the  pii:hiTe.  The 
n  of  the  pamov  olscura  to  photography  hua  rtudcrcd  it  me  of 
X  t»Ai]  ti{itic«l  iwtJuaufulB. 
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;.  ^i^nnpc  Inn  tun  iv  nn  obrious  sjiplicatlnn  of  a  miufMOjpo.  Xi 
f.  M)  m  a  powafal  lamp  in  the  focus  of  n  roncnrc  mimr  U  X, 
rf  ta  a  ihrt  lantern ;  A  a  is  t  fixed  tube  coiitaining  a  hcniispha " 
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Uluminadng  Ims  A,  nnd  a  convex  Una  H ;  C  D  is  mh  openin 
Uie  liiuBis  A  and  B,  tiiT  receiving  the  slidm  on  which  the  p 
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painted  with  highly  colored  traD^fmratt  Tamufa.  The  Ught  of  i1)a  t< 
U  icllecU-d  by  the  inirror  M  N  upon  the  kn»  A,  which  further  <ate 
tavtcB  the  light  upon  tlic  picture  on  the  slida ;  nnd  thii  picRue  u 
thrown,  Toy  much  railnrgcd,  upon  the  screen  E  P,  jJacfd  in  the  b 
of  the  Uni*.  The  lent  D  is  6xpd  in  a  sliding  tuhe,  to  that  hj  puUing 
out  or  pushing  it  in,  a  distinri  picture  of  the  object,  on  tli?  dhler.  n 
be  fijrmed,  of  any  aire,  within  certain  limits,  upon  the  tmrai  R  P. 

The  itrlar  miavimpe  is  mcrdy  B  magic  lantern,  when  the  IJKht  of  tlM 
eon  IB  BubaCitutcd  for  the  light  of  the  lamp. 

The   Sttrtoseopi^. 

42.  'When  we  view  any  solid  olgctt,  Ruvh  an  a  ttatue,  with  holh  tjt 
each  eye  sees  the  object  dilTweiitly,  and  two  dissimilar  picRum  of  tl 
Direct  are  painted  on  the  reliniE.  But  enf'h  two  eom^)nndiiig  pinntt  <if 
the  two  ^turoi  are  dqat-ted  at  the  same  place  on 
that  the  eyes,  uniting  each  pair  of  pointa  in  succCHuni.  give  the  bn^ 
Ilia  impreasion  of  a  solid.  Now.  by  inverting  this  piocoe.  that  b.  tf 
making  (wo  {Hctures  of  b  ulid,  w  seen  by  envh  eye,  ai  ~ 
v^aa  the  retinii-  hy  squinting,  so  that  the  one  [dcture  may,  as  it  wm^  ha 
Ud  upon  the  oIIut,  the  combined  picturas  wiQ  give  li 
Imprcaaion  of  a  wlid,  aovn  exaietly  as  in  nanm.  This  ft 
|Je  of  the  atiTBiniiipi'. 

Bretntlar't  .Shm o«o-^,  —  This  inHtiinient  i*  rcprracntrd  in  Fig.  •!. 
A  and  B  nru  two  i^-i'  ttilim,  rrmtnining  iiu-h  a  icmi-lnui.  with  thar 
nirvnl  kidra  tunii'd  towntils  cieh  nthor.  wi  that  bf  Imkiii'j  (hroiigli  tluir 
nAgia,  (iljfcts  in  thrir  fiicua  ore  so  rcfl'aatcd  that  the  unc  pctniv  o 
{dtOMl  nboM)  the  other. 

*f  w*  now  place  the  oniuiKcd  dniwlugs  of  tt  HX^t 


LiailT  Xm>   UKAT. 


'^hdwIMlomDf  thobmc  bj  tlMing  tbixa  iii  at  C  D,  and  look  into  the 
I,  nUh  tim  righl  eye  al  A  uid  the  left  nt  B,  wc  Ebalt  wo  a 


"£d  pynmid  with  iu  apex  riiiin?  to  the  eye    If  the  t 

^"B  imitod  lij  tquiiitin^  they  would  bare  produuxl  a  hollow  ]iytiimid. 


Om  Ibc  Inft  hanil  <lniring  in  the  view  which  the  jiyramid  woiiW 
|»«ioil  lu  the  Wl  ijt\  aiitl  llic  right  hand  ilrHwin^  the  view  which  ihn 
r  I  ntakl  wtoild  praan  to  thv  right  eye.  Any  soUd  objen  may  be 
I'^-iod  b  the loms  manna. 

PHENOMENA  OF  COLOR. 
,    A  ray  of  wlar  light  is  rormed  by  the  union  of  Geven 
■tilofiHl  rays.     Thia  may  be  pmred  iinFilytirally  (la 
I  M  *jrulti«ltuiily  —  uiuilytlually  by  U-uiiBUiiUiiig  u  my  of 
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white  light  through  a  glass  prism,  when  it  becomes  resolved 
into  seven  different  colored  pencils  of  light,  which  have  been 
called  the  prismatic  colors;  and  synthetically,  by  showing 
that  white  or  colorless  hght  is  produced  by  the  union  of  the 
difierent  colored  pencils  of  light. 

Some  transparent  bodies  only  .transmit  certain  colored  portionB  of 
Ught,  as,  for  example,  common  bottle  glass  only  transmits  the  green  rays 
of  light ;  blue  glass  only  transmits  the  blue  rays ;  and  so  on. 

Nature  presents  us  -with  a  magnificent  analysis  of  solar  light  in  the 
rainbow,  where  the  sev^en  prismatic  colors  may  be  distinctly  seen. 

The  surfaces  of  bodies  decompose  light  by  reflection.  The  Bur&ce  of 
a  Kse  leaf  reflec-ts  the  red  light,  and  absorbs  all  the  other  colored  zsys ; 
the  siuface  of  gold  reflects  the  yellow  light,  and  absoihs  all  the  othor 
oolored  rays ;  and  so  on.  Thus  the  many-colored  tints  which  we  see  in 
the  objects  aromid  us  are  familiar  examples  of  the  analysis  of  light. 

THE    SOLAR    SPECTRUM. 

44.  Newton  first  decomposed  solar  light  by  means  of  a 
solid  piece  of  glass  bounded  by  three  plane  surfaces,  and 
commonly  called  the  prism.  The  success  of  this  experiment 
depended  upon  the  fact,  that  the  primary  or  simple  rays,  of 
which  pure  white  light  is  composed,  possess  different  degp^es 
of  refrangibility.  He  conducted  the  experiment  in  the  fol- 
lowing manner :  — 

A  sunbeam  S  H  is  admitted  into  a  dark  room  through  a  hole  H  made 
in  a  window  shutter  £  F  ;  a  prism  A  B  C  is  interposed  so  that  the  xmy 
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I.inaT  ADD  DEAT.  Iblf 

•'  -■' Imiiiv  ihtnugh  two  (brw,  wid  bi-  rclhictnl  by  bolh.    Tbe 

'  It  nuiTed  upnn  a  iibtci  ut  wUto  papa  M  N,  uiil.  imtteod 
!•  iuto  light,  tiim;  is  formed  upoii  iho  pnper  im  oblong  col- 
<    K  h,  cniDpcenl  of  tJiv  srvcn  primu;  Uiita,  callixl  the  prit' 
-^f  [.   I  .  i.-i-v  ijnUrum,  m  ahown  in  Pig.  114. 

llu^  ilJfiTrait  colorwi  nij«  do  not  admit  of  any  hu1]icT  BnnlyaB;  but 
ca  tmiiii^  tliKin  all  to  In'  lutilal.  tliti  stvcn  uuIdtb  duoppcsr.  anA  wliito 
titfhl  I*  ufain  fi)mi(^.  White  Uj^ht,  Uierrforc,  in  n  nuitur?  uf  seven  {iri- 
iiiuy  TBji  of  dilTcimt  tulon.  —  rtd,orangr,  yrUns,  ^(Vm,  i^,  indige, 
ir,A  wmlit.  The  Beparadon  of  these  jaimury  m  mmple  royB  from  one 
^-uvltcT.  di'pmds  upon  a  difference  in  tliiir  rdnngilnlity  in  puMutig 
I  iiiwgli  th*  prism  1  Ihua  the  violet  ray  ii  moat  Tel^ted,  and  the  red 
ny  i*  tbt  l«wt  refracted. 

45.  Tbe  ditTerent  [loiiions  of  tlie  solar  Bpertntm  have 
tliTM  iBsiincl  properties,  in  relation  to  lighl,  hrat,  and  rhnni- 
rat  aflion.  The  most  luminous  portion  is  at  ilie  miildtt"  of 
tlM>  Tcllon  light,  tli<-  mo^t  licating  at  and  beyond  tlie  red,  and 
tlw  "railc^t  clteuiicol  inten^it^  is  found  to  be  between  the 


S  ohibitB  ihop  rdative  intenutia  by  thnw  rurvcd  lin«.  one 
ibo  oitTc  of  luioiiiuuii  intetuity,  unotbet  lliu  beating  or  tbanul 


f,  and  die  llurd  the  chemical  intouity,  gr  the  power  which  light 


4&  Bmwatcr  eui»iilers  Uiat  wlilto  solar  light  is  com|iosed 
r  only  tbrm  primary  rxys,  viz.,  red,  yellow,  and  blue ;  (br 
«  aJmixltirc  of  ihiwi  three  eolored  ray*  will  produce  white 
'  aliown  in  Fife.  66.     Thr«-  are  called  the  three  fiin- 

Eacfa  of  iIh  m<«ii  primuUie  my*  haa  toiao  other  oJtirDd 
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ny,  called  iu  camptvmentary  ray,  with  irbich  ir  it  bv  ( 
Uned,  while  light  will  bo  producu<l. 

Fig,  66  show*  the  thiw  fuiulsmiuital  colony  nd,  jvUov,  and  fa 
overlnpiiiig  each  other.     \VTierc  oil  three 
is  produced ;  where  the  yellow  and  blue 
o*crlup,  green  ia  produced,  and.  thEicfore, 
gret-n  atid  red  will  pnidiici!  white  light, 
80  that  green  and  rod  arc  complemcntaiy ; 
BiuJ  «o  on  to  otlicr  case*  which  ms;  be 
ii!Bdil]r   cited    IVom    the    reprewntation 
giveu  in  the  Ggurc.    Orange,  violet,  nnd    . 
green,  according  to  Brewster,  are  col 
■eoondniy  colors;  while  red,  yellow,  and    ' 
blue,  aic  the  only  primary  colon;  and 
the  indigo  of  Newton's  spectrum  a  sup- 
posed to  lie  betwt-en  tlie  sbadce  of  the 
violet  and  the  blue 


THE   RAINBOW. 

47.  Thi3  brilliant  t-olora  of  dew  drops,  produced  bjrtho ; 
lion  gf  the  suDbeamii,  form  a  subject  of  inivreM  to  cveij  p«t 
son.  The  benutiful  uivti  of  the  rainbow,  dcjieDdiiig  u|mn  (1 
■nme  cause,  is  not  less  a  niatler  of  interej^l  Iu  ort-ii  lIUMlitt 
uneducated  observer.  Tlie  fonnation  of  \.\v^  niinhow  K;  I 
readily  explained  od  the  principle  uf  prUniatiu  refhtclion  an 
dispersion. 

The  droju  of  cnin  dcoompme  tliv  •eaa'i  h^tA  in  the  mne  iminiwf  i 
the  pivm  of  gins.  Let  U  n'prcicnt  a  dnp  of  nln.  («ee  Kg>  6T  i)  ■ 
a  nijr  of  light  falling  upon  (he  drop,  ia  rclmciad  in  the 
direction  4  o;  it  u  then  reBeoted  in  the  direction  p  d. 
Bid  upon  pnimng  out  of  th«  drop  at  d  it  undagaes  the 
prianxotic  diipmiun  :  iho  red  ray,  bdng  the  liwt  n- 
fiactcd,  titkca  t)uT  lowtsc  direction  d  r,  and.  thr  rialut 
my.  bdng  the  moil  lefmcted,  tokca  the  biglioa  diM«- 
tion  d  V .'  hnicc  arise  the  prisnatic  colms.  Now,  in 
Fig.  AS.  IM  D  represent  the  tome  drop,  and  D'  annlhcr 
drop  a  little  below  the  tint ;  then  llu:  eaxac  primintic 
mlon  will  be  produced  Irj  this  Mtond  drop.  «nd  at  « 
ltd  i«y  of  the  Qist  drop  will  mvot  tlii.'  viulf  t  my  of  thi;  jiccciiuI  dny 

d  a  ipsctalor,  with  hia  cjc  at  a,  will  hc  thv  red  ray  fi«n  iW 
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p  H>d  the  violet  nj  (Mm  the  Bccoud  drop,  and  from  the  drojn  lying 
■  he  will  we  the  intcnnediate  piiunscic  colon, 


Fv.  68. 

wai  thotAn  bctwesi  d  and  if  he  will  see  a  complete  qtectnnn.  Now, 
let  1  >  be  *  ttrnght  line  pasing  through  the  centre  of  the  nin  and  the 
■jE  of  the  obBcrret  at  o,  which  will  of  course  be  parntld  to  the  raja  ind- 
doit  npoD  the  drops.  Concdvc  the  angles  do  u  and  if  o  u  tobc  turned 
•boot  o  V  u  SD  axis.:  then  the  drops  D  and  D'  will  revolve  in  a  circle, 
and  witUn  this  circle  all  the  prismatic  colon  will  oliviously  be  arranged 
fa  the  mnc  ardo  as  that  which  we  have  just  described  ;  hence  the  pris- 
uiic  colon  wiD  appear  to  arrange  themselves  in  this  arch,  which  is 
called  the  primary  rainbow. 

The  Kcondary  rainbow  is  a  fainter   arch,   fre-  ^^jv^S^^ 

qomtty  lying  otterior  to  the  primary  one.    The  for-     '^••^^/f^-y  \\ 
(nation  of  this  secoodary  arch  may  be  c;tpl^ncd         ^^^T^y     Jj' 
eiactly  in  the  umc  manner,  with  this  eireptiun,     /"^^     - 
that   tbe   i«fiactnl  light  undiTgocs  two  reflectiaiu  Fig.  69. 

within  the  dtop  in  the  place  of  one,  as  shown  in  Figsi. 
68and6S. 


UNUSUAL  REFRACTION  OF  LIGHT,  AND  ATMOSPHERIC 
PHENOMENA  DEPENDING  UPON  IT. 

REFRACTION    OF  A    FLUID    OP   VARTISG   DENSITY. 

*9.  Into  a  square  Tud  (Rg.  70)  pour  mme  clear  Minip,  and  nhove  pour 
Hme  clear  water,  which  will  gnulually  mix  with  the  nrup ;  hold  a  cord, 
with  tbe  word  *b^  written  on  it,  in  an  erect  poadon,  behind  the  viol ; 
Iha  tbt  wdtinc  vill  tsftu,  in  its  oeet  poaiticKi,  irtwn  nen  through  tbe 


I    BXPK&IKEI^TAL  raiLOaOPHT. 


KffTO- 


Fiff.71. 


pure  sirup,  but  it  vill  Bpp(?aT  inverted  when  seen  thraugh  tbe  mix 
of  tirup  and  water.  A  similai  phenomenon  will  be  produced  hj  pou 
qarit*  of  «ine  ujion  the  watCT,  aa  ehown  in  lie  figure. 

Thia  siniplc  e:tpaimeDt  will  enable  us  to  iccount  for  lome  cm 
easts  of  unusual  atmOBphcric  refraction,  or  minufa. 

Sometimes  two  diminct  imagts  of  a  ahip,  whose  topmast  A  only  ia 
ahore  the  horizon,  will  in  certain  statea  of  the  atmoqiherG  appear  in 
air  08  represented  in  Fig.  7 1,  where  one  image  C  ia  erect,  and  tlie  c 
Bie  inverted. 

In  order  to  account  ibr  these  ej^eatsnccs,  let  S  P  (fig.  72)  repn 


theolject;  E  the  eye  of  the  obaerrer;  p  and  p'  the  imsfies  seen  in 
•ir.  Now,  the  ooldnea  of  the  lea  may  eauae  the  air  at  the  level  a  t 
voy  much  doiia  than  tbe  lii  at  tbe  level  eaid;  in  thia  cHCh  tba 


LlOar  ABD    BEAT. 


hrtin  pDirvt  M  e  or  d  will  be  much  ksB  thun  at  a  ;  the  o 

iW  uk.  thai  tnyi  S  d  P  e  wbich,  undfT  a  unilbrni  state  of  dciuity  of  the 

(ii.  Bcva  would  ivat-h  Ihe  eye  at  E.  will  be  betit  into  Ibc  c^urve  lines 

SVR  P  <  E,  inpoHiDB  from  the  rare  to  the  dense  medium  ;  and  if  the 

Ukieux  at  AKtmtj  is  <uch  thai  the  higher  rays  S  d  craas  the  Iowa  mys 

point  a,  then  the  hi)[her  mj-B  will  be  eeoi  in  the  dtrectioa  E  a, 

(  fama  B  tangent  to  the  curve  S  <(  f  £  at  tlu>  point  G,)  and  the 

V  np  in  tba  diioctioa  E  ji ,-  and  thus  the  image  of  the  Bhip  will  be 

trrUd  in  the  aa.    In  like  manner  the  ray^  S  n,  P  n,  may  be  ro- 

tB  mot  Ihe  eye  E  without  crwtung  each  other ;  then  the  higher 

•  B  will  be  teen  b  the  direction  B  a',  snd  the  lower  raj-s  P  ni  B 

IbcHtn  in  thedim'tion  Eji'.  and  thtu  the  image  of  the  ship,  in  this 

K  will  be  aien  in  ita  erwt  ponition  p'  t'.     The  slate  of  the  air  may  be 

lo  exhibit  only  ouc  of  these  images. 

W.  The  fiobjeet  of  halot  may  be  ranked  amongst  tlie  opli- 
phenumt^na  of  the  aliiiusiihtre.  The  tiume  halo  U  ^ven 
II  tko^e  luminous  appeurances  which  arc  seen  surrounding 


heof  the  most  common  phenomena  of  this  kind  is  the  divergence 
AinUr  beams,  represented  iu  Fig.  73. 


jt,  when  the  «t 

,. .._. in  portions  of  the  imi's  beams  i. 

ic  B^iinip^  III  tliii  Kurmiini^ini;  clouds,  while  other  poniouN 
fe  olHtTUi:ted  by  the  deiisel  ports  of  the  tdouds. 
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DOUBLE   REFRACTION. 

50.  Some  crystals  possess  the  curious  property  of  douJtiU 
refraction  —  that  is,  of  making  one  object  appear  double. 

The  moet  common  crystal  of  this  kind  is  Icdand  spar,  which  usually 
has  the  shape  of  a  solid  rhomb,  or  six-sidod  paralldopiped  A  B  D  C  X, 
represented  in  Fig.  74. 

Place  a  rhomb  of  Iceland  spar 
over  a  black  Une  M  N  drawn  upon 
a  sheet  of  paper ;  look  at  this  line 
through  the  upper  surface  of  the 
crystal  with  the  lye  at  11:  then 
the  line  M  N  will  i)n)bably  appear 
double;  if  it  duos  not  at  the  lirst 
trial,  turn  the  crystal  round  imtil 
you  distinctly  sec  two  black  lines 
in  the  place  of  one. 

Place  a  black  spot  at  O,  or  prick 
a  pin  hole  in  the  paper ;  the  spot  \i-ill  appear  double,  as  at  O  and  B ;  toni 
the  crystal  round,  and  the  two  images  will  be  seen  nyvaxt  from  each  other : 
the  one  E  will  appear  to  revolve  round  the  other  O.  Tlie  ray  O  r  is 
called  the  ordhwnj  ray  of  refraction,  and  E  r  the  extraordinary  one. 

The  ray  of  lii^ht,  after  sqiaration  into  two  distinct  pencils  in  thia  man- 
ner, id  said  to  bo  pnlari^ih  These  i.x>larized  rays  possess  certain  peculiar 
proixaties,  which  distinguish  them  from  the  ordinary  rays  of  light. 


Fig.  74. 


POLARIZED  LIGHT. 

51.    Light  is  polarized  by  reflection. 

Let  A  B  and  C  T)  he  two  plane  glass  mirrors,  having  their  backs  coated 
with  black  varnish,  and  Ixiing  seen  edgewise.  Let  a  ray  of  light  R  P 
fall  upon  the  mirror  A  B,  making  the  angle  of  incidence  64°  35',  and 
BupjK)se  that,  after  boin^  reflected  in  the  direction  P  Q,  it  falls  upon 
the  mirror  C-  D,  at  the  same  angle  of  incidence.  If  the  mirror  C  D  is 
80  situated  that  the  i)lane  of  incidence  P  Q  S  coincides  with  the  plane 
of  incidence  R  P  (i,  most  of  the  light  will  be  reflected  in  the  direction 
Q  S.*  But  if  the  mirrf»r  C  D  be  made  to  revolve  on  P  Q  as  an  axis, 
being  kept  always  at  the  same  angle  with  P  Q,  the  amount  of  light 

*  A  plane  pnssinfn:  thnui^h  the  incident  ray  and  perpendinilar  to  the  mir- 
ror, will  also  pass  through  the  reflected  ray,  and  is  called  the  plane  iff  Mci- 
dence  and  reflection,  or  simply  the  plane  qf  incidence. 


UlOm   AN1>   UEaT. 


e^.is. 
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lecrtid  gradusU;  diminiAha,  to  that,  whrai  the  miiror  baa  revolTtid 
'.  and  whoi,  (.-aiMequentiy,  thu  plutii'  of  inridence  F  Q  S  is  at  rit!lit 
gks  lu  the  plkTic  of  inciilr!nce  It  1'  ({,  lliu  light  almost  cnlirpl  j  wuHV 
bi  or  b  DOl  HI  kU,  reflected.  Thu  ruy  P  U  insRid  tohe palariitiibj 
huliiirii  fkns  (he  niirror  A  B,  because  the  difTereDi  adet  of  it  seem 
hna  dlSBrent  properties,  consponding  to  the  polarity  of  a  mogiiei. 
«  {Mkbriiiiig  Bugle  of  incidence  Gn  gliw  is  about  S4°  35' ;  thai  for 


By  nmltnoing  the  molutioii,  the  light  reflected  increase*,  until, 
b«>  the  inirrar  ihBll  hare  lerolvnl  U0°,  and  comes  into  the  podtion 
'  D*,  Fig-  TS  bis,  in  which  posiUon  the  planes  of  incidence  again 
alloid«,  the  light  will  be  olmatt  all  reflected  as  at  flrst.  If  the  rev- 
nlkn  bo  cimtinned  bam  the  position  C  D'  around  to  the  ini^al 
Hticin  C  n,  the  Bomc  jihcnomcna  will  be  repented.  Ilcncc,  when 
icioocnd  minoT  tends  to  reflect  the  light  in  the  BOineplitnc  in  which 
K  Brti  tuimir  reflects  it,  the  light  in  reflected  oe  u.>iual :  but  when  the 
nxid  mitmr  Vcnda  to  reflect  the  light  in  a  plane  at  right  angles  to  that 
I  wttieh  the  &nt  mirror  reflects  it,  the  light  alraoat  or  quite  ceaan  to 
I  Mdcctnl  bf  the  second  minor. 

M.  Pif.  79  ivjrtaaO*  m  instrument  constructed  on  the  principle  jiut 
'  «d.    C  D  «ul  D  G  are  losM  tubes,  the  one  capable  of  sliding 


n^.  76, 


atBfi  within  the  other  i  A  and  B  are  the  gla«  rnirron  tixtA  to  j 
I  tuta*  at  the  polsrliing  uigla :  R  r  nn  inddcnt  roj  of  crni 
r  ttku  Hat  of  iU  rrflivtiun  baai  tlui  mirrar  A  through  thr  I 
It  the  line  i4  n&ctiun  bam  the  roiirat  B ;  then,  wlien  the  tuV-  Xi  Q^ 


i  ihc  ji^too  of  the  miss  Butt  i^Vii  «u|^  V 
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the  plane  of  the  minor  A,  the  rof  ri  ufS  not  tufftr  rtjliet'm  I 
"SVIiui  the  tube  D  O  u>  tiunetl  miiiul  m)  lu  to  fating  ttw  pluttf  (if  the  sii 
lor  B  jiaralld  To  that  of  A,  llieu  the  rcdectcd  ray  t  E  wtill  ajijiiiiiotill 
[ilO}icr  or  usual  di^cc  of  biightiuw. 

Erp.  1.   Let  the  incident  nyH  B  Q  (^.  75}  [WMced  from  the  & 
of  Ihc  window;  plore  a  thin  plate  of  mica  bctn'rea  the  two  n' 
at  tu  intercept  the  polariuxl  nija  Q  P  i  look  in  the  direction  E  f,  ■ 
you  wUl  petccive  the  dai-k  reflector  lighted  up  with  the  rant  fepla 
oolois.  TDocK  especially  if  the  ptatc  of  mica  varies  in  its  thicknew    ~ 
the  mica  round,  and  the  colms  will  piua  thmugb  all  the  rhangw  of  d 
ptisnmtic  light.     A  similar  efiert  will  be  prodticed  by  turntiig  Ite  n 
fleclor  abed  round  upon  Q  P  as  on  axis, 

Exp.  2.  la  like  roanner,  plnee  a  piece  of  glaiw,  to  which 
A  uiytitalUue  strutture  has  bom  given  by  rapidly  euoling  it, 
between  thi^  rcllet'tors  :  tlieii  the  glass  will  prcteiit  a  bril- 
liant and  symmctiical  Ggure  baviiig  the  appearance  TCp- 
reseuttd  in  Fig.  77.  Turn  the  minor  abed  round  on 
Q  F  »  an  axis,  until  it  bocomce  parallel  to  the  other  mir- 
nr  A  B  C  D  ;  then  the  colored  Bgure  of  the  crptalliiie 
gloas  will  assume  another  perfect  farm,  which  is  repre- 
■entcd  in  Fi^.  78.  the  colon  in  the  one  beuig  complement- 
ary  to  those  in  the  other. 

These  oyataDiiie  {Heaes  of  gisn  may  be  got  at  any  pMt- 
Osnpliii«l  instnunaot  maktT'a  *hop ;  but,  without  incur- 
ring thin  expense,  the  expcrimcDl  may  be  pmlhrmEd  in  tbo  fi 

Uind  a  few  fquare  plates  of  window  glsra  tngelher,  and  pbc«  ll 
between  the  mirrors,  na  in  the  lost  experiment,  im  a  hot  tn'lal  p 
look  In  tht  reftfcior  abed;  a  curious  progn^ive  ehkn^  will  be  • 
to  take  plan;  in  thn  glia«  pint™,  whoi  al  Icn^h  the  sj'nun(«ilcal  4 
aliown  in  Fig.  77  will  U;  fanned. 

S8.  Light,  ift  polarized  by  a  eeries  of  ordinary  rofnulknu:,  J 
Whiii  n  riiy  of  li-fht  R  r  (Fi^.  7>) 
tandfTKimt  rEftmliijti  lliniugli  a  bhtIib 
of  ghisa  plalet  t,  2,^,  .  .  .,  Ilie  rt!- 
ftictcd  ray  /y  beccuui*  jmlurixMl,  and 
peamro  all  Ihc  [iropcrtte*  which  liave 
been  dtvcrilnl  in  rvliitlon  to  tlivpoUr- 
l*nl  %bt  uf  rcdcv'tion.  'I'hc  iniidenl 
■ni^  of  pMfcet  pulorizutiou  dqwnda 

a  lliE  timikbar  uf  the  plate* ;  Ihni^  fig.  TO. 
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*!»  there  are  dght  plates,  the  incident  angle  w  about  79° ;  and 

'km  there  arc  twenty-fouz  plates,  the  incident  angle  is  about  60°, 

■dsooQ. 
Xow»  since  a  bundle  of  glass  plates  acts  upon  light  in  the  same  man- 
,  tamxhe  polaiizing  reflectors  used  in  the  apparatuf*.  Figs.  75  and  76, 

^may  substitute  two  bundles  of  glass  plates  in  the  place  of  the  two 

aflectors.    Thus,  let  A  and  B  be  the 

tvo  bundles  of  polarizing  plates ;  "Rr  ^  ^ 

tfaeinddGnt  ray ;  then  « t  will  be  tho 

polinad  raj,  which  will  pass  through 

the  bundle  B  when  it  w  placed  as  in  p^g^  30, 

the  figure,  and  no  light  will  be  rc- 

flfided ;  but  when  it  is  turned  round,  the  light  v  fr  transmitted  through 

it  viD  gradually  diminish,  and  more  and  mure  light  vriW  be  reflected,  till 

it  has  turned  round  an  angle  of  90°  :  then  thcTe  wUl  be  no  light  trans- 

nitted  —  it  will  be  entirely  reflected. 

In  oonductiiig  many  cxx)eriments,  a  bundle  of  gloss  plates  may  be 
advantageously  used  in  the  place  of  the  reflector  abed  of  the  appara- 
tus represented  in  Fig.  75. 

14.  Polarized  Light.  —  According  to  the  corpuscular  theory,  a  beam 
of  oominon  light  has  two  polar  axes,  A  B  and  U  D,  Fig.  81,  so  that  all 


its  sides  hare  the  same  properties ;  but  when  this  beam  is  polarized,  it  is 
separated  into  two  circular  beams.  A'  B'  and  C  D',  ydih  only  one 
polar  axis  each,  which  are  at  right  angles  to  each  other,  so  tliat  their 
sidoi  hare  dificrent  properties. 


HEAT. 


55.  The  sense  of  touch  is  affected  by  heat,  as  our  sense  of 
bearing  is  bj  sound,  or  our  sense  of  sight  by  light.  Heat  is 
me  of  the  most  important  agents  connected  with  animal  and 
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vegetable  lifu  i  k  obo  perform.i  n  duttRgaLclicMl  part  In  all  ils 
dumgea  coDtiuuall;  going  on  la  lUe  exttiraal  woriil. 

fret  t>r  seimbU  iieal  U-nds  to  diffubie  itnuir  i^iaftU; 
all  Burroundbg  bodies.     Tiie  tuDOimt  <jf  sensible  Liuit  in  aaj 
body  is  called  itd  temperature.     That  heat  wbicb  exisU  in  ft 
body,  and  whicli  is  not  sensible  to  tbci  toacfa,  but  which  tB, 
tlie  satae  time,  esauuital  to  the  jiecuUur  Ibrm   in  wfakfa  Iht 
body  exists,  is  called  latetit  heat, 

Tbe  word  calorie  U  ust-d  to  express  llie  subelaDce  oT  bef^ 
in  order  to  distinguish  it  from  tlie  MHisitUoa  of  h«aL  Wi 
experience  the  sensation  of  Atal  when  ilii-re  is  sn  incresM  tf 
temperature,  and  that  of  cold  when  iliere  is  a  dcoivM  of 
temperatuiTi.  Tlie  sensation  of  cold  is  excilod  nben  a 
of  our  caloric  is  taken  Srom  us,  and  tiuu  of  heat  when  a  por- 
tion of  caloric  is  Imnsniitlfid  to  us. 

Caloric,  or  the  matter  of  heal,  is  subject  to  the  same  I 
of  radiation,  reHection,  and  refraction  as  light.     Uonl  | 
duceis  many  chemical  changes  i  it  also  tends  to  lUntmf 
coheAiuu  of  the  pitrticlcs  composing  a  body,  and  thi 
a  chtmge  in  the  form  of  bodies;  thus,  at  a  certain  low  (Ml 
peraiure  liquid  water  becomes  solid  ice,  and  at  a  ui^ilaia  ht| 
tunperutui'e  tt  boils  and   passes  into  the  state  of  vapor  < 
Bleum.  '  One  of  the  mosi  i^triking  effects  of  hnu  in,  Unt 
causuB  all  bodies  to  expand  —  tlml  is,  to  locrease  lo  <rolDil 
or  bulk. 


5li.    Ileal  expamis  liquid;,  air,  and  solids. 

Jixp.  I-  tJiml  tipaniU  Uifu'dt.  —  Toko  a  Dciimnan  vial  buttla;  ni 
■  nuik  with  Ink  upon  its  neck  i  fill  it  with  raid  wntir  Mp  to  thi*  aiai 
sliinpi)  l)>e  vipl  in'c  0  iuiaii  nf  bnt  water :  after  a  litl  iv  tlni*  thi  wi 
In  ihu  tIiiI  will  riw  mniiiluinMy  niHive  tha  mark,  thm^rir  «li»wiyf  tl 
I  thv  heat  hu  I'mwe*]  tht^  water  in  the  rial  lii  mc|ian<l.  Ttw  Uato  i 
V  (if  thi'  wnl«r  tn  tlm  laua  llic  gnniEct  will  be  lh«  •spnri 
a  hi  tha  *iiii. 


UOBT  AVD  OBAT.  1 .  it 

TU*  expsimtnl  tberw*  tlw  ininciple  upon  irhich  tl>e  t^nrnoinriiJt  is 
ocosVUCtcd.  lluli  ntll-luiuWa  uintnimeiit  omibJis  us  to  tell  Ulii  lum- 
]«niUin  of  an  J  budy. 

Tbik  ■«iir«tinail  may  bt'  pertbrni«l  in  a  miiii'  Mrik- 
ini!  laniniT  ut  fiillusra  ;  Rt  a  Huall  glas  tulie  In  llio 
oi-l.  ••!  >  t.^ilu,  u  shown  in  Rg.  ».( ;  fill  the  botlle 
oiD4>l  U'.y  vrilh  coll)  waUi,  and  ErmlTiiiWrt  the  cuik 
Willi  o?  :j1*;  ptuniceltie  botlle  inW)  hut  wsts,  luid 
iLt  lii{iiul  will  rspidlj  rise  in  thi'  nnall  tube. 

£171.  2.  lltat  nxpamit  air.  —  Invert  a  glim  A  ora 
wsla,  allmring  a  little  vatur  to  iniltT  the  ghua,  as 
■innrti  m  Fig.  83 :  poui  hot  water  ova  the  glaM. 
wh<Ji  will  laiiw  the  air  within  the  gliai  to  expand, 
nul  10  nceupj  a  larger  sjiaoe. 

£1^  3.  lanat  a  small  bottle  in  cold  wnter,  and 
teCKidui«  juic  80  much  n'ater  as  idll  caiuu  it  to  nnlc 
In  ll»  tdttecn  ;  nnw  pour  hot  vnter  into  the  Tmcl.  ■□ 
B>  to  TaW  iho  tonptTBtitre  of  the  taz  within  the  bottle : 
the  bottle  will  rite  to  the  8urfac«. 

Hw  vatiatioa  of  licat  in  the  annosphav  is  the  eouw 
'  f  iiatimu  at  mt  and  winils.    lliia  hia  been  Bxplaincd 
I.  I 'mumiitws. 
Ktp.  4.   rofonii  expenmCDts   1   and   2,  ^ven   at 
■     W*>«- 

kH^k^  A.    Bnat  Trpaadi  foiidt.  — Toko  a    decaatet 

^^^■KIk  tantDg  B  gnnuiil  ttopptr  1  plimgc  the  neck  of 

^^H|4m>*t«  Into  hot  water,  and  thim  let  it  remain  ftir  B  (bort  timo  I 

^^^^  toUng  U  out,  iiwert  the  stopper  gently,  so  chut  it  may  be  eaaily 

^^^■n  OM;  oUdw  the  D(^k  of  the  decanter  to  cool,  then  try  lo  mise  The 

^^^KfV ;  k  win  have  beuoDe  n  fast,  from  the  eonlroctlcin  of  the  glaw, 

^^^^n  It  nf{BinH  aomc  Siree  to  pull  it  out.     Jlere  the  beat  uiuea  the 

■Nk  «t  Um  ilecantcF  to  EapBDd  ;  then,  whco  the  st<>pp(T  IB  pQI  bio  its 

plaia,  tlk*  mx-k  oT  the  deranter,  as  it  cools,  ccntriuti  uixoi  the  stopper, 

•oil  (Sum  it  to  become  fast. 

1/  t'iri  .Sindd  happen  to  heat  the  neck  of  the  deranler  so  mach  that 

I    .11  th»  ahijiper  nut,  (a  thing  not  at  d11  unlikely  to  luippcii,] 

■  irel  It  out  by  the  same  means  as  that  by  which  you  tut- 

L  tuii  ia,  you  rouat  h«ut  the  neuk  of  the  bottle,  so  as  to  cmuc 


Fi!/.  S3. 


Sourm  of  Ileal.  —  Besides  the  Lent  derived  from  Ibti 
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sun,  wc  get  heat  from  our  ordinary  fires,  lamps,  from  the 
friction  and  collision  of  bodies,  from  chemical  action,  &€• 

Exp,  1.  Heat  from  common  flame,  —  (a.)  The  dqpree  of  belt  of  I 
flnme  depends  upon  the  supply  of  air.  Place  a 
common  lamp  glass  ovit  a  lighted  candle ;  the 
candle  will  bum  very  feebly,  unless  you  raise  the 
glass  a  little  bo  as  to  admit  a  current  of  air 
through  the  tube.  (6.)  Slowly  and  gradually  in- 
sert a  burning  splinter  of  diy  wood  into  a  small 
vial  Ixjttle ;  the  portion  of  the  splinter  outside 
of  the  l)ottle  bums,  but  that  within  the  vial 
merelv  becomes  carlwnizcd,  because  there  is  not  a 
sufHcicnt  quantity  of  air  to  bum  it  completely. 
On  tills  principle  charcoal  is  made. 

Exp,  2.  llcat  frotn  friction,  —  Rub  a 
button  u]x)n  a  deal  board ;  the  button 
will  scK)u  lxH.'ome  quite  hot. 

Exp,  3.  Ih-at  from  collision,  (a.) 
Strike  a  spark  with  a  flint  and  a  stwl. 
(h.)  Hammer  a  piece  of  iron  until  it  be- 
cumis  hot. 

T'^p,  4,  Heat  from  chemicai  action,  —  (a.)  Place  a  small  hit  of  pboB- 
phorus  \\\Mm  a  dry  deal  lx)ard ;  drop  a  small  piece  of  iodine  upon  the 
])hosph()nis ;  the  lx)dies  will  unite  spontaneously,  and  will  form  a  com- 
l)oun(l  of  iodine  and  ])ho«phoriis, 

{h.^  Pour  some  water  ujwn  sulphuric  acid;  the  mixture  will  become 
intensely  hot.  In  this  e^'^e,  tin.'  volume  of  the  mixture  xiill  be  Icsh  than 
the  Mini  of  the  v()lum(5<  of  the  two  liquids.  This  condensation  of  vol- 
ume is  no  <lonl)t  the  cause  of  the  development  of  the  hc^t,  for  a  change 
of  v(jlumo  is  always  atteiidi.'d  with  a  change  of  specific  heatf  or  a  chai^ 
of  the  body's  capacity  for  heat. 


Fig.  85. 


58.    Good  and  Bad  Condurtors  of  FleaL 

Exp,  1.  Put  the  md  of  a  tolmeoo  j)i]K«  into  the  fire,  and  at  the  same 
time  i)ut  the  <  nd  of  a  ]x)ker  into  the  lire; ;  after  the  lapse  of  a  few  min- 
ul<s,  toucli  the  poker,  at  the  distance  of  a  fe^'  inches  from  the  heated 
extremity,  and  it  will  ftvl  (|uite  hot;  at  the  same  moment  touch  the 
extremity  of  the  tobae(H)  pipe,  and  it  wiU  scarcely  fo(»l  warm:  thus 
showiie^^  tliat  iron  is  a  nuich  lx;tter  conductor  of  heat  than  tlie  material 
colnlH^^iML;  the  pipe. 

Exp,  2.   Touch  the  metal  portion  of  tlie  handle  of  on  Italian  iron } 
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&  wiQ  taH  hot ;  tonch  the  wooden  portion  of  the  handle,  and  it  will  feci 
coopanttvely  cool ;  ibeieb;  allowing  that  iron  U  a  much  better  oon- 
dnctv  of  hat  than  «ood. 

Complin!  the  hull  of  the  handle  of  a  eaucqisn  having  a  metal  handle. 
with  the  hcot  of  (be  wooden  handle  of  another  saucepan. 

Eip.  3.  Touch  Uie  wooden  l«g  of  a  tabic  with  one  hand,  and  the 
hnte  ca?l<ir  with  the  olher  i  the  otic  fecU  cold,  the  □tha'  neither  hot  nor 
ttiri.  Here  the  mctsl,  Uiug  a  ^;ood  con^iuctor  of  best,  coiiTiys  the  heat 
liuiu  the  hand  mim;  rapidly  than  the  wood,  which  ia  a  bad  eonducur  of 

£i7>.  i.  Touch  Ibc  hot  surface  of  a  lenpol  thjough  a  pece  of  paper; 
yiTu  K»r«Jy  feel  the  hmt ;  now  touch  it  through  a  piece  of  tin  foil  iir 
■hret  Imd  ;  you  iiurtanOy  feel  the  himt'  The  pnv«r  is  a  bad  conductiir 
"1  hcnti  but  the  tui  fiiil,  as  well  aa  uietAls  generally,  ia  a  good  conductor 
:.l'  heat. 

We  ulothe  our  bodiEs  with  woollen  and  linen,  wid  such  like  materiala, 
bmuse  they  are  bod  conducton  of  heat. 

Eip.  5.  Pill  B  common  porter  botUo  with  hot  water,  und,  after  cock- 
ing it  lip,  UTiip  il  in  D  dry  piece  of  flannel ;  the  bottle  may  rranmn  in 
(hat  Mute  tor  an  hour,  without  mucJi  Bciiable  chnngi;  in  its  heat.  S.ae 
ibc  htat  iH  kept  in  the  buttle  by  the  nun-conduetiiig  Bubslauce  with 
irhich  it  i^  mrnnindcd,  ' 

£^1.  fi.  Pour  anne  cold  water  into  a  tumliltr ;  corefidly  pour  some 
hat  wafer  upon  the  top  of  the  other  ;  apply  your  hand  to  the  lower 
part  of  tlic  tumhier :  the  tonperature  of  the  water  boumth  a  scarcely  at 
all  affected ;  thereby  Ebowing  that  wolcr  and  glass  are  both  bad  con- 
ductnrs  of  heat,  and.  moreover,  that  the  hot  water  is  lighter  thau  the 
mid  water. 

Hoi  water  i»  tqHsaficnlly  lighter  thon  ccld  water,  because  of  the  ex- 
pnnaion  by  htait,  which  causes  bodies  to  beconio  Icsa  dense. 

Try  to  place  cold  water  on  the  loji  of  hot  water. 

Eip.  7.  Nearly  Ell  a  tumbler  with  cold  water;  pour  eome  ethiT  upon 
it»  anriace ;  the  ether  will  float  upon  the  water :  ignite  (ha  ether  by 
throwing  a  onaD  piece  of  lighted  paper  upon  it ;  the  great  heat  at  the 
-urTan-  of  the  water  will  not  senably  sJTcct  the  temperature  of  the  water 
t:  the  Uiwer  portion  of  the  tumbler. 

Eip.  8.  Take  (wo  pieces  of  Bmall  -bttc,  of  cxailly  the  name  length 
nv<i  IhicknoH,  the  one  bdng  coptxr  n-irc,  and  the  other  iron  orftcel 
wire  ;  hull]  one  in  each  hand,  and  inmM  th<:ir  cxtrcmitii!!  into  the  Uame 
(il  a  caiiille :  you  will  find  that  the  heat  will  pass  along  the  copper  wire 
much  more  mindly  than  it  will  pam  along  the  iron  wire,  lol'  (he  coo- 
dtictitig  power  of  coppra  ia  meBis  tfann  doiUile  that  of  iron* 
IS 
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59.    Good  and  Bad  Radiaton  and  ReJUctora  of  UeA 

Exp.  1.  Place  a  tin  plate  and  a  piece  of  boold  within  n  loot  k 
half  of  a  good  fire :  after  a  f<.'w  miiiutcs,  the  bur&cc  at  the  deal  I 
-will  feci  quite  hat,  but  the  temperatuie  of  the  tiii  H-ill  scarcel)'  At  i 
altered.  ^Vhat  »  thu  cou-se  of  this  Tcmarkoble  dTnt  ?  Wood  is  a 
icSectoT  of  hrat,  and  therefore  it  aheorbs  uculf  oil  the  heat  whkll 
uputi  it ;  on  the  other  hunii,  tin  i>ltitc  is  an  excelloit  nAeottO'  nf  1 
aud  IhereTorc  nuirlj'  oU  the  raj-s  of  heat  which  fall  upon  lla  nit&) 
TeUcctcd  from  it. 

£qi.  2.  Obeervc,  when  the  Bun  is  vhiniiin;.  that  the  pana  of  tbe' 
dow  nevCT  become  wann.  whJe  the  wooden  bare  become  hot. 

Exp.  3.  Hold  B  tin  plole,  in  an  inclined  puatioa,  a  few  feet  bdb 
good  fire :  receive  the  rellocted  heat  upon  the  hand ;  yuu  will  Jbd  ■ 
dded  increaite  of  tempeisture- 

Ezp.  4.  Trf  the  wunc  uperinient  with  a  deal  board,  or  with  a  n 

plBtC. 

£171.  5.  Take  a  clean  Tnelol  Iea|Kil,  and  a  common  emlhcn  waica 
mi  them  both  with  liut  walel ;  allow  them  to  stand  for  about  a  i^tw 
of  an  hour ;  dip  your  hand  into  the  water  of  each ;  the  wala  n 
metal  teapot  feds  much  warmer  than  that  which  is  m  tlie  eitflbai  ■ 
one.  Why !  Simply  because  the  eurthm  ware  ve«4il  i*  ■  muck  b( 
raJiatar  of  heat  than  the  mclul  one. 

The  principle  which  riguliites  thn  power  of  radiuting  mf- 
faces  13  tliis :  T!ie  bett  rejkctora  are  ■  the  worst  radiatM- 
Thus,  bright  polialied  surfaces,  (oilier  things  buing  the 
vhich  are  the  best  retlee tors,  are  the  worst  radiators ;  ud^ 
rough,  blai'k  sur^ees,  which  nre  the  worst  rellectois,  ace  Ibt 
best  rudjtitor?.  Had  rcflt'ctors  either  transmit  or  absoA  Ik 
heat  wliich  fulls  upon  thera. 

Exp.  a.   Cover  half  of  one  ludc  of  a  jueco  of  glass  with  tin  IbQ  I  tJi 
the  covered  side  next  to  a  good  tire  ;  place  yuur  hand  on  the  olhetiilEi 
no  heat  will  be  felt  on  tliut  part  of  the  glass  which  in  behind  the  til 
but  a  aeiiialile  temperature  will  he  felt  behind   the  other  ponion. 
the  tin  futi  reflects  all  the  heat,  and  the  glaiB  transmiu  a  puttUM  of  llflt 
through  it. 

Now  blacken  the  imi^vcrett  portion  of  the  glnai  with  soot,  and  ■  Mtl 
greater  (MiTence  of  heat  will   be  observed.     In  thib  cow,  the  Buul  Ji- 
curlw  all  the  heat  which  fidls  upon  it,  and  becoming  then^iy  bn 
radiates  this  heat  lu  the  hond- 

Etp.  7.   Envelop  two  tujuUcrs  with  piipcr,  one  with  blaik  paps, 
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b  nlnr  pipiiT  i  paitly  £U  tbn  tumblvis  hUK  water,  an  rxp<>>o 
K  bat  □!  thi'  mm  ;  nllBr  lliu  Inpee  tif  n  few  minute,  luctrtaiD 
tin  of  the  wotvi  ill  ibe  tumliUm,  lij  means  of  a  thennom- 
ace  in  tbc  tumbld  with  Ibc  bUck  paper  will  be  round  lo  te 
a  tfaui  Ibc  water  in  the  other.  Hat,  the  hludt  jBper  ob- 
it, wbile  Ihe  sUver  papiT  refletla  it. 
K  tht  torm  of  iJus  experiment  by  tilling  the  tumblem  with  hot 
s  the  lapiK  of  a  few  minuleB,  the  water  in  the  tumbler  with 
ifB  wQl  be  fbund  to  be  tauLh  cooler  than  the  «ata  in  the 

i«  llio  black  papa  nditfo  the  heat  mvLcb  mere  rapidly  than  the 

.   iUkc  two  little  fire  Kieens,  one  of  paBtehoord.  and  the  otluT 

it«;  fJoce  thoD  about  ■  foot  bdore  the  fire,  and  after  a  few 

B  ti7  the  heat  whith  the;  tranamit ;  Ihe  air  befoud  the  paste- 

■h  wanner  thu  that  vhioh  lica  beyond   the  dn 

.  n«tl  changes  liquids  into  vapors,  and  cold  coudensea 
— ipors. 

■   When  vNto'  bulls  in  the  kettle,  otaerre  the  steam  or  vapor 
m  ban  the  (pout. 

a  in  nvn  (or  about  an  inch  in  front  of  the  spout ;  it  then 
illy  diNippeara  by  mixing  with  tite  nir.  The  nir,  it  must 
n  alwBjn  absorb  or  retain  a  certain  pottioii  of  mpor. 
id  ■  cold  pliue  in  bont  of  the  Mcnm ;  it  b  comleii;^,  that  is 
te  canrcrlMl  into  water  ngatn.  In  a  ihort  lirac  the  plute  will 
Ic  hut.  bmn  the  licat  ^vm  up  bjr^the  Btcnm  on  its  rrtuin  to 
This  hiart  iff  ciUled  latent  Aoof,  because  the  water  afla 
a  Ihc  «onc  temperature  oa  it  hud  junl  btforo  roiidcota- 
b  hIcU  Imt  ia  the  hcnt  mjuiaito  foe  muiitainiug  'u  utir  in  Ibe 
ftCMH  tK  Tapor.  Wheni-n-r  ■  bodT  paats  from  the  vopoiuus 
lh>  Hqrid  Mrtr,  m  &um  the  liquid  tiaio  to  the  (olid,  it  Diust  give 
(«tbMl,andn<*»>rm. 

tags  U>*  boll  of  ■  thi-nnoinelcT  intc  the  Blmin ;  the  nietcury 

in  ittrMiiall  (u)»  until  it  anivra  at  213^.  irht'rc  it  will  retiuun. 

■  thv  boll  inio  thv  buihna  wpirri  iho  mcrcur)'.  n«   bi'Sire,  will 

II  !!>'■     WatCT  under  iirdiiiaijr  liicunutances  eunt^ntly  bcola  at 

•  of  its".     V-'Jiiit  Ktoihc  frf  bQ  tlie  heat  thut  is  ctm- 

f  ftiini  llvr  lire  to  Ihe  wnl*T  ■     It  miuiuie  in  ■  lalcmt  stulo 

(io  Iraiic  ■*  w*ler  rrmaiiui  in  the  krttlc  thtvc  is  no  danger 

Ktvfnlb^tbehnti  but  tlw  kettle  will  won   be  cnukud 

t  If  tl  b  allowed  to  nrmiun  on  tlw  fin-  alto  the  wattr  ha* 
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been  boiled  away.  The  c\-aix)ration  of  the  water,  by  conftautly  ab- 
sorbing the  heat,  prevents  the  metal  ironi  rising  above  a  certain  degree 
of  heat. 

(rf)  Observe  the  violent  ebuilitioti,  or  boiling  up,  of  the  water,  as  the 
steam  issues  from  its  surAice. 

Ejrp,  2.  Boil  some  water  in  an  egg  shell;  the  evaporation  of  the 
water  prevents  the  egg  shell  from  being  burned. 

In  Wcirm,  dry  weather,  water  rises  spontaneously  into  the 
air  ;  this  is  called  evaporation. 

Ejrp.  3.  Pour  a  httlc  water  on  a  ]>latc ;  after  a  short  time,  if  the  at- 
mosphere is  in  a  dry  state,  all  the  watcT  >*'ill  be  evaporated,  Where  has 
it  gone  r  It  is  al)sorbed  by  the  surrounding  air,  which  lias  a  certain 
capacity  for  retaining  moisture ;  this  capacity  increases  with  the  tern- 
jxjrature  of  the  air. 

A  drop  of  ether,  let  fidl  upon  a  plate,  "will  be  still  more  rapidly  cvup- 
crated. 

Wrap  a  bit  of  blotting  paper  round  the  ball  of  a  thcrmGaietcr ; 
moisten  the  jMiper  with  wattT ;  in  a  short  time  the  mercury  hi  the  tube 
^-ill  fall ;  thereby  showing  that  the  evaporation  of  the  water  produce! 
cold. 

The  effect  in  tliis  experiment  will  be  more  marked  if  spirits  or  ether 
are  used  in  the  place  of  water. 

Ixt  fidl  a  drop  of  s])irit8  of  wine,  or  ether,  upon  the  back  of  the  hand ; 
move  the  hand  backwards  and  forwards;  the  Uquid  ^ill  be  quickly 
c*vaporated,  and  a  sensation  of  cold  will  be  produced  on  that  part  of  the 
hand  where  the  drop  was  placed. 

Wlien  the  air  is  cooled  down  to  a  certain  point,  it  deposits 
moisture ;  this  is  called  the  dew  point. 

Exp.  4.  Bring  a  cold  plate  from  the  external  air  into  a  vnrm  room, 
where  there  is  a  good  lire ;  moisture  Ti-ill  be  instantaneously  deposited 
upon  the  plate.  Here  the  air  in  contact  with  the  cold  plate  dqxisits 
a  portion  of  its  moisture.  Take  a  dry  tumbler  into  a  'warm  room ; 
fill  the  glass  with  cold  spring  water ;  moisture  will  be  deposited  upon 
the  outside  of  the  glass. 

The  temiK*rature  of  the  water  just  requisite  for  forming  the  dqxisition 
of  moisture  is  called  the  dew  paint  of  the  air  in  the  apartment. 

Dew  v^  formed  upon  the  leaves  of  the  plants  in  a  similar  way. 

When  air  contains  all  the  moisture  which  it  is  capable  uf  supporting, 
it  is  said  to  be  tatitrated  with  moisture.  In  damp  weather,  tlio  air  is 
always  saturated  u-ith  moisture,  but  in  dry»  chrar  wiutlier,  iIk*  nir  is 
usually  below  this  point  of  saturatioiu 
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Tbc  eTapomtion  of  moisture  from  the  earlh  goes  on  more, 
npidlv  (luring  wanD,  dry  weatlier,  than  in  cuKI,  damp  wciitljtT. 
H'lieii  tile  utmO!<|)here  is  wuna  mid  <lry,  llit-  muir^Lure  in  it  is 
perfecltj  inTi:-ible ;  but  when  llio  aiiDosphcre  uridi.>i^ocs  a 
grrat  reduction  of  temiHratur?,  lU<^  moisture  wliicb  is  in  it 
fwrames  visible,  aiid  is  dt^pusittd  in  tiie  furra  of  fog,  or  mist, 
or  dew,  and  also  in  the  tiirm  of  rain  or  snow.  Tlie  absolute 
quaniity  of  moisture  which  the  air  will  sustain  dejiends  solely 
apon  its  temperature  ;  but  the  pi'u<.'e>s  of  evaporation  is  accvl- 
eniied  by  the  rarefaction  of  the  air;  that  is  to  say,  other 
thin^^t  being  the  same,  water  will  be  much  more  rapiilly 
evaporated  in  an  atmo^^phere  of  low  pressure  than  in  an  at- 
mu^pbere  <^  high  pressure. 

Eip.  5.    IHrfrr  6oiU  at  a  low  /tmjKntlure  in  a  vactaan.  —  Half  fill  a 
flask  with  hot  wbut  ;  UhI  Ok  water  until  ^tra■n  ifsues  fiom  the  mouth ; 
itinoTC  the  tla^i  from  the  flame  aiid  quickly  oork 
it:   th;.-  boding  imniidiulely  clobcs.     I'oui  cold 
water  civiT  the  upjiiT  piirt  of  the  ttask ;  the  boil- 
ing immHliatcly  btgiiu  again  nith  im-reascd  vio- 

Ilie  cold  appeals  to  make  the  water  boil ;  how 
kthlH}  Tht!  cold  water  eoiidcnscs  tlie  Wcum  in 
tbe  upptT  p»niuD  of  the  flask,  and  lorras  a  vncu- 
uni,  or  at  I'.a't  a  partial  Tatuiiin,  and  the  w-ater 
luil*  BKaiii  l:rea']ie  it  Ls  not  subject  to  any  pressmx; 
upini  it*  smfoce.  This  explains  why  water  boils 
at  a  Iv^  I  nipt  ratiue  upnn  tlw  toin  of  moujitains 
th^ii  it  di>J«  in  tbc  iilaiiiK  or  vaUf-yB. 

When  tbc  lid  of  a  wiiicqian  w  krpi  tisbtly  dcim 
a  higher  tcmiierature  than  21:;°.     On  this  prituiiile  we  ubtaiu 
xln:  l»UtT  uf  the  steam  cnguie  of  a  great  txpaiudve  pressure. 

61.    Cold  b  produced  when  certain  substances  melt. 

Erp,  1.  When  ymi  fiirm  an  efferrestinR  draught,  obMjrve  that  the 
drink  is  t.tt  ei>M.  Plim^  the  bulb  of  a  thenniimcler  into  the'  mixture, 
■iid  yi.u  will  And  that  the  mereury  H-ill  fall  siTeral  degrees.  lliTC  two 
trj-talline  »iibitsnccs  arc  tsjudly  de«ilvi'U  by  water;  and,  moreover, 
the  rapd  e8cl^)e  of  carbonic  tu4d  gas  (iutbcr  uds  the  reduction  of  tem> 
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JSzp.  2.    ^iix  some  snow  or  ice  and  common  salt  together ;  \ 
solids  Tvill  become  a  liquid,  and  an  intense  degree  of  cold  will 
duced.    This  is  calltxi  a  fin.'cvdng  mixture.  « 

Exp.  3.    Put  a  piece  of  ice  into  water ;  plunge  a  thermometer 
liquid :  in  a  short  time  the  thermometer  will  sink  to  32^»  the  t 
ture  at  which  water  freezes  or  at  which  ice  mdts :  the  thermomi 
stand  at  32^  so  long  as  there  is  a  particle  of  ice  in  the  water. 


CERTAIN   LAWS  AND  PHENOMENA  OF   HEAT 

FULLY  CONSIDERED. 


EXPANSION   OP   BODIES   BY   HE^VT. 

62.   Li  the  construction  of  large  metal  structures, 
allowance  is  always  made  for  the  expansion  and  cont: 
of  the  material  from  the  changes  of  temperature, 
great  tubular  bridges,  severjil  inches*  play  are  allowed 
expansion  and  contraction  of  the  metal. 

The  following  apparatus  shows  in  a  striking  manner  the  cxpai 
metals  by  heat :  — 

C  D  Is  a  metal  rod  furnished  with  a  handle 
A ;  B  a  flat  plate,  pierced  with  a  hole,  into 
which  the  rod  C  D  fits  frcclv  and  cxactlv,  and 
provided  with  a  notch  in  one  side  exactly  cor- 
resjxjnding  to  the  length  of  the  rod  C  I)  when 
it  is  of  the  usual  temperature.  Now,  when  C  D 
is  heated  in  the  fire,  it  >\'ill  expand  in  all  direc- 
tions ;  and  it  will  be  found  to  l)p  too  thick  to 
enter  the  hole,  and  its  l(?rigth  will  bi*  so  much 
increased  that  it  will  not  enter  the  notcli.  Let 
the  bar  C  I)  be"  now  plungwi  into  cold  water, 
then  it  vnU.  return  to  its  original  dimensions 
and  it  'will  again  fit  the  hole  and  tlie  notch. 


pr-r- 
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Compensation  Pendulums. 

63.  In  order  that  a  pendulum  should  exactly  vibrate  S'^ 
B  the  same  time  in  winter  and  summer,  it  is  nccesKary 
tbt  iti  length  should  not  be  altered  by  slight  variations 
«f  tonpoature.  Pendulums  which  arc  constructed  so  as 
to  counteract  the  influence  of  changes  of  temperature  arc 
^*Ued  compensation  pendulums. 

The  gridiron  penduiiMn,  represented  in  Fig.  88,  consists 
^  t^  difeent  kinds  of  metals,  connected  together  some- 
what in  the  form  of  a  gridiron,    llie  bob  P  is  suspaided 
^'the  iron  rod  P  C,  wliich  is  attached  to  the  two  zinc 
'oda  F  G  and  K  L  tcmiinating  at  the  bottom  in  the  irtin 
^'Bnie  B  £  D  ^V.    Nov,  under  ecjuul  augmcntaticms  of  hi  at, 
<inc  expands  about  twice  as  much  as  iron ;  hence,  if  the 
^iigth  of  the  iron  rods  in  this  pendulum  he  about  double 
^  of  the  zinc  rods,  the  expansion  of  the  one  metal  would 
^Uctly  counteract  the  exiMmtdon  of  the  other.    The  ex- 
pulsion of  the  iron  rod  C  P,  as  well  as  the  expansion  of 
the  iron  frame  A  D  E  B,  carries  the  bob  P  farther  away 
fiom  the  point  of  susi^nsion  S ;  but  the  expansion  of  the 
tiro  zinc  nxls  G  F  and  Is  K  brings  the  bob  1'  nearer  to  the 
luspcnsion  S ;  and  when  these  two  expansions  are  equal, 
the  di?$tance  between  the  lx)b  and  the  point  of  suspension 
icnudns  the  same ;  that  Is,  the  length  of  the  pendulum  re- 
mains the  same  mider  every  change  of  temperature. 

T%e  mercurial  compciMation  pendulum^  represented  in 
Fig.  89,  is  a  more  simple  contrivance  for  attuhiing  the 
same  end.  A  gLa^^  vc«el  B  containing  some  mercury  is 
Rbqjendc-d  from  the  pendulum  rod  A  C.  When  the  rod 
A  C  expands  the  distance  of  the  vessel  B  fn>m  the  point 
of  KUKpeiisioxi  C  is  increased  ;  but,  on  the  other  hand,  the 
expansion  <»f  the  mcrrcurj-  in  the  vessel  brings  the  centre 
of  jrravity  of  the  masn  nearer  to  the  point  of  suspension ;  and  the  pro- 
portimi  of  the  parts  may  be  so  adjusted  that  the  effect  of  the  expansion 
in  one  direction  may  exactly  neutralize  the  effect  of  expansion  in  the 
contFary  direction. 

TJkermometers, 

fii.  These  important  instruments  are  used  to  measure  the 
fleprroe  of  tempersiture  to  which  bodies  are  raised.  When  very 
high  temperatures  are  to  be  measured,  the  instrument  is  called 


Fig,  88. 


Fig.  89. 
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a  pifrometer.  The  change  of  Yolume  which  takes  place  in 
the  substance  employed  in  the  instrument  serves  as  an  index 
to  the  degree  of  heat.  The  thermometer  derives  its  name 
from  the  particular  thermoscopic  substance  used;  thus  we 
have  the  common  mercurial  thermometer,  the  spirit-of-wine 
thermometer,  and  the  air  thermometer. 


.1 


-r2l2« 


■  %ae* 


The  mercurial  thermometer  consists  of  a  small  glass  tube  A  C  (rf*  uni- 
form  bore,  to  the  end  of  which  a  bulb  B  is  blo^n  ;  this  bulb  and  a  small 
portion  of  the  fltem  are  filled  with  quicksilver,  and  the  open  end  of  the 
tube  is  henncticolly  scaled. 

ITndor  ordinarv  circumstances,  water  always  boils  and  ice  melts  at  a 
fixed  tcin])eruture  ;  this  gives  us  the  means  of  tixing  a  true  scale  of  com- 
parison for  all  thermometers.  In  our  country  the  temperature  of  melt- 
ing ice  is  called  32°,  and  the  boiling  temperature  of  water 
212°,  so  that  between  these  two  points  of  the  scale  we  have 
180  equal  divisions  or  degrees,  each  equal  portion  being  the 
aiuonnt  of  expansion  due  to  1°  of  tempcratiuv.  To  grad- 
uate the  thermometer,  therefore,  we  first  plunge  the  bulb  into 
melt  in  p  ice,  and  place  a  mark  of  32°  at  A,  opposite  to  the 
point  at  which  the  mercury  stands  in  the  tube;  we  then 
plunj^e  the  bulb  into  boiling?  water,  and,  in  like  manner, 
place  a  mark  of  212°  at  C,  opposite  to  the  pi>int  at  which 
the  incrcnrv  now  stands  in  the  stem  ;  the  distance  between 
these  two  ]X)ints  A  and  C  is  then  divided  into  180  equal 
parts,  each  })art  being  callcKl  a  dci^roe,  and  the  bculc  is  ex- 
tended upwards  or  downwards  accordingly. 

The  sjurit-qf-wiite  thermometer  is  graduated  in  a  similar 
manner. 

The  air  thermoinctt^r,  —  Fig.  91  represents  a  common  air 
therinonicter.  Ileic  the  open  end  of  the  tube  d,  with  its  bulb 
h  upi>erniO'<t,  Is  inserted  in  some  colored  Ucjuid,  which  is  al- 
l(j\ved  to  rL«*e  up  a  jKirtion  of  the  tul>e,  a^  to  d.  When  heat  is 
apjjlicd  to  the  bulb  A«  the  air  hi  it  exp;md'4,  and  thu*^  depresses 
the  liquid  d  in  the  tulx) ;  from  the  ainoimt  of  depression  an 
estimate  may  be  formed  of  the  degree  of  heat  applied  to  the 
bulb.     These  instruments  are  exceedingly  sensitive. 

The  differential  thermometer ^  rejMtsented  in  Fig.  92,  consists 
of  two  gliLss  bullw  a  a  containing  atmos]iheric  air,  but  the 
lower  one  is  partially  filletl  with  a  colored  fluid  which  rises  in   Fi'j,  91. 
the  glass  tulx?  to  the  z<to  jwint  0.     From  this  point  the  de- 
grees on  the  scale  run  up  and  down,  as  shown  in  tlie  figure.     It  will  be 


Fig,  90. 
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tmdentood  that  when  the  two  bulbs  are  placed  under  the  same  heat, 
as  thej  usually  are  when  the  instrument  is  not  in  use,  the  colored  liquid 
gUmds  at  the  zero  point  0  on  the  scale ;  but  if  the  temperature  of  the 
tipper  bulb  be  raised,  then  the  liquid  will  sink  below  this  zero  point,  and, 


Fig.  92. 


Fig.  93. 


on  the  contrary,  if  the  temperature  of  the  upper  bulb  be  lowered,  the 
liqtiid  will  rise  above  the  zero  point ;  hence  the  instrument  has  been 
called  the  differential  thermometer,  because  it  measures  any  minute  dif- 
iierences  of  temperature  in  the  two  bulbs. 

Fig.  93  represents  another  ^orm  of  this  instrument. 

PROPAGATION   OF   HE.\T. 

65.  The  free  caloric,  as  already  stated,  in  all  bodies,  tends 
to  a  state  of  equilibrium,  or  to  a  state  of  equality,  with  n'spect 
to  its  distribution.  Heat  is  propagated  by  direct  radiation,  by 
reflection,  and  by  conduction. 


RADIATION   OF   CALORIC. 

66.  Radiant  caloric,  like  light,  is  thrown  off  from  the  sur- 
feces  of  bodies  in  all  directions  in  right  lines. 

The  intensity  of  radiant  caloric  may  be  measured  in  the  follo>\'ing 
manner:  — 

Exp.  Place  the  bulb  T  (Fig.  94)  of  an  air  thermometer  near  to  a  hot 
metal  ball  M  ;  between  them  interix»e  the  screen  S,  through  which  an 
aperture  O  is  made. 

V^hoL  the  aperture  O  is  brought  in  a  line  with  the  heated  ball  M 
and  the  bulb  T  of  the  thennometer,  the  liquid  instantly  descends.    By 
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placing  the  bulb  of  the  thermometer  at  different  &tinoeB  ftom  H»  tiie 
relative  intensities  of  the  radiated  heat  may  be  duly  asoertamed. 

In  order  to  show  that  reflected  heat  follows  the  same  law  as  reflfictfd 
light,  place  a  red  hot  boll  a  in  the  focus  of  the  ooncave  tin  rcflecUf 
ndm;  the  rays  of  caloric  will  be  reflected  in  the  parallel  lines  up  m » 


Fig.  95. 

&c,,  and,  meeting  the  second  reflector  pr  o,  they  will  be  reflected  to  the 
foteus  bt  and  a  thermometer  placed  there  will  indicate  the  degree  of  heat 
reflected.  The  siurface  of  these  reflectors  should  have  a  parabolic  fivm« 
in  order  that  all  the  parallel  ray?  may  meet  in  the  same  focus. 

If  a  lump  of  ice  be  substituted  in  the  ploce  of  the  hot  ball,  the  ther- 
mometer in  the  focus  b  will  instantly  indicate  a  fall  in  the  tempomture. 
In  thih  case,  more  caloric  radiates  from  the  bell  of  the  thennumetir  than 
fnm\  the  lump  of  ice ;  the  consequence  is,  that  the  ball  of  the  thermom- 
eter suflers  a  diminution  in  the  quantity  of  its  heat. 

Exp.  luct  M  and  M'  (Fig.  96)  be  two  concave  paraboUc  rcflectozs, 
placed  at  the  distance  of  ten  or  twelve  feet  from  each  other.    Place  some 


Fig.  96. 
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{^v>«phanis  or  gimpoMrlcT  ir.  thr^  foonsy of  the  rcll'ntnr  M,  and  a  rod  hot 
metallic  Ijall  iii  the  otl.i  r  lo  'i^f;  m  a  few  mi:.ut's  the  phosphorus  or 
puj»i¥jwder  will  be  ij^iiitrd  ])y  the  heat  radiated  liom  the  ball  aiid  con- 
centrated at  the  f<.K:u.-j/'  ])y  the  reilectors. 

TTie  reflecting  puwrr  of  substances  varies  not  only  with  the 
nature  of  their  surfac«'.s  ^'UL  also  witli  the  material  of  which 
they  consist.  Polish**!  nn.Maliic  snrfaecs  are  the  best  reflectors 
of  heat,  and,  according  to  Lr>li<*,  brass  and  silver  are  the  best 
reflecting  substances.  Non-nictallif!  bodies  have  v(?ry  low 
reflecting  powers;  indeed,  many  of  tbcni  entirely  absorb  all 
the  heat  which  imi)inges  upon  them. 

A  body  absorbs  that  heat  which  it  docs  not  reflc^ct ;  hence 
the  absorptive  power  of  a  bmly  is  inversely  as  its  reflective 
power;  and,  as  a  genenil  rule,  the  pow(rr  of  absorption  cor- 
responds with  the  power  of  i*adiation  :  thus,  for  example,  a 
surface  of  lampblack  has  no  reflective  power,  but  it  possesses 
the  highest  radiating  and  absorbing  power. 

Those  substances  which  allow  all  the  rays  of  heat  to  pjiss 
through  them  are  called  dinther^nunwiis  ;  and  those  substances 
which  retain  ail  the  heat  they  receive  are  called  atlier' manoas. 

Gases,  such  as  the  air,  arc  diathermanons ;  and  opaque  bodies  wirh 
»  the  mctak,  arc  athcmiaiious.  The  power  of  a  body  to  transmit  heat 
depends  upon  its  |x^i^es^ill2:  some  decjce  of  transparency  ;  hut  at  the  same 
time  it  is  remarkable  that  the  capacity  of  liquids  and  solids  for  tran>mit- 
ting  heat  is  not  always  in  projjortion  to  tlicir  traiisjxirency  or  ta])a;  ity 
for  transmitting  li^ht.  Il(x.-k  salt  is  the  most  diatlieimanous  of  ull  solids, 
and  alum  ib  the  least.     Of  all  llc^uids  water  is  the  leu£»t  diathemianou& 


Leslies  Experiments  on  the  RniVatlnfj  Powers  of  different 

Surfaces. 

In  these  experiments  a  nnall  canis- 
ter of  tin  was  employed,  one  side  of 
which  he  pnliwhed,  tho  second  he  made 
rough  by  scraping,  the  third  he  cov- 
cn-d  with  k1^i^>  ^"^i^  the  fourth  he 
cciatcd  with  lampblack.  He  then  filled 
the  canister  with  hciilinf;  water,  and  {ut?- 
•eoted  thediflfamntadeaiiuiiuouettaoaiii  jp^.  97. 
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front  of  a  ooncayc  reflector  M,  in  the  fbcuB  of  which  he  placed  a  bill 
/;  of  a  delicate  differential  thermometer,  as  shown  in  Fig.  97.    "With 
this  apparatus  he  iirst  verilied  the  law,  that,  other  things  being  the 
same,  the  amount  of  radiant  heat  i*  proportional  to  the  differenee  helwtm 
Vie  temperature  of  the  water  and  the  temperature  of  the  air.     He  then 
showed  that  the  racUatiun  is  proportional  to  the  extent  of  the  radiating 
surface,  aiid  inversely  as  the  distance  of  the  radiating  suriaee  from  the 
reflector.     lie  furtlicr  showed  that  the  polished  face  of  the  canister  radi- 
ated the  least,  and  that  covered  with  lampblack  radiated  the  most ;  and 
80  on  to  the  radiating  powers  of  the  other  surface. 


CONDUCTION   OP  HEAT. 

67.  It  has  already  been  shown  (sec  page  180)  that  bodies  differ  rerj 
much  in  their  powers  of  conducting  heat.  The  following  simple  experi- 
ment shows,  in  a  marked  manner,  the  difference  in  the  conducting 
powers  of  rod«*  of  difTcrent  substances. 

Exp.  Take  two  ecjual  ruds,  (say  of  iron  and  glass ;)  tie  them  together 
at  one  eiid  with  a  piece  of  fine  -wire,  and  attach  a  ball  of  wax  at  their 
other  extremities,  b  and  rf,  as  shown  in 
Fig.  98  ;  api)ly  the  iiuine  of  a  spirit  L'unp 
to  tlic  part  a  r,  where  the  rods  are  c<.>n- 
ncctcd  ;  then  tlie  wax  on  the  iron  rod  will 
be  complett'ly  melted,  while  that  on  the 
Rla*«  rod  \v\l\  remain  unchanged ;  thereby 
pllo^^'ing  tliat  iron  is  a  much  better  con- 
ductor of  heat  than  glass. 


Fiff,  9S. 


77ifi  propagation  of  heat  in  liquids  varies  according  to  the 
part  at  which  tlui  heat  is  ap[)lied.  When  the  heat  is  applied 
at  the  surface,  the  conduction  goes  on  very  slowly ;  in  this 
case  the  li(juid  conducts  heat  in  the  usual  manner:  bat  when 
the  heat  is  applied  to  the  lower  portion  of  the  liquid,  the 
heattvl  parti<l(*s,  hcinjij  specifically  lighter  than  the  cold  parti- 
cles, rise  successively  to  the  surface,  while  tlie  cooler  particles 
at  th(»  surface  drKcend  ;  and  thu<«  this  constant  current  diffuses 
the  heat  equally  throughout  the  whole  mass.  But  this  trans- 
mission of  heat  tak(;s  place  independently  of  the  ordinary 
principle  of  conduction  ;  it  is,  in  fact,  an  operation  of  coHvey^ 
ancc,  not  of  conduction  from  particle  to  particle. 


AKt  iMLTn 
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The  Allowing  experiments  sufficiently  establish  the  truth  of  these 
laws :  — 

Exp..  1.  Partly  fill  a  flask  with  water,  and  throw  some  powdert*d 
amber  (or  any  suljc>taiicc  having  nearly  the  same  specilie  gravity  a^  water) 
into  it ;  heat  the  water  by  a  spirit  lamp ;  the  currents  in  the  fluid  will 
be  apparent  from  tlie  aiicent  of  the  particles  of  amlx^r  up  the  middle  of 
the  water,  and  from  their  descent  at  the  sides  of  the  ve^«f!el,  as  shown  in 
^.99. 


Fiff.  99. 
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Ejp.  2.  A  (in  Pig.  100)  representfl  a  tin  vessel  full  of  ^-ater ;  a  and  k 
thermomcten  —  one  placed  near  the  top  of  the  vessel,  the  other  near  the 
bottom. 

Float  a  metal  cup  r,  filled  with  spirits  of  wine,  on  the  Rufnce  of  the 
water;  iset  fire  to  the  spirit,  and  the  heat  prtKhiced  will  very  .«oon  be 
afaown  by  the  th'TmmnettT  n,  but  the  thcmioijM't(T  b  will  remain  for  a 
long  tbne  without  sho^in^  any  indications  of  heat. 

Remove  the  cup  c,  and  place  the  vessel  on  a  lump  of  ice ;  the  lower 
thomometer  b  will  now  in  a  short  time  indicate  a  redui^tion  of  tempera- 
ture, while  the  upper  thermometer  a  will  remain  unrhan^ed. 

Thew  experiments  show  that  water  is  a  bad  conductor  of  heat. 

Flacc  the  vuvwl  on  a  hot  plate  or  brick  ;  tlic  wliole  of  the  water  i^-ill 
became  rapidly  heated,  and  both  thermometers  will  indicate  the  same  or 
nevljr  the  same  amount  of  heat. 

Place  ■  piece  of  ice  upon  the  nurfare  of  the  water  ;  both  thermometers 
win  ^Kedily  indicate  a  decrease  of  temperature.  The  i)artiulcs  of  the 
water,  as  they  cool,  become  heavier,  and  dcHcend  to  the  bottom,  while 
the  lighter  particles  at  the  bottom  rix*  to  the  top,  and  so  on. 

But  tlie  watar  at  the  bottom  cannot  be  cooled  in  this  way  bdow  39°, 

17 


194         NATURAL  AND   BXPSRIirBNTAL.  PHILOSOPHT. 

for  water  attairu  Ua  maximum  density  before  U  reaches  thejreesnmg  pomi^ 

that  18,  at  a  temperature  of  39°, 

Heat  of  ike   Ocean. 

68.  In  the  temperate  and  torrid  zones  the  temperature  of 
the  ocean,  generally  speaking,  diminishes  as  the  depth  below 
the  surface  increases ;  but  the  reverse  of  tliis  Uikes  place  in 
the  frigid  zones,  for  when  the  water  at  the  surface  is  less  than 
32°,  the  lower  portions  cannot  have  a  lower  tt^mperature  than 
89°,  for  this  is  the  temperature  corresponding  to  the  greatest 
specific  gravity  of  water.  Hence  it  is  that  ice  is  always 
formed  upon  the  surface  of  the  water,  and  not  at  the  bottom. 
Hence  fishes  are  enabled  to  live  in  our  northern  seas. 

If  the  ordinar}'  law  of  density,  as  depending  upon  temper- 
ature, had  existed  in  this  case,  the  whole  of  the  northern  seas 
would  have  been  converted  into  one  solid  mass  of  ice. 

Heat  of  the  Atmosphere. 

G9.  Aeriform  bodies  resemble  liquids  in  their  laws  of  con- 
dui'tion  and  conveyance  of  heat.  Still  air  is  the  worst  con- 
ductor of  heat,  but  by  the  rapid  ascent  and  descent  of  its 
particles,  it  distributes  heat  even  more  rapidly  than  water. 
Tlie  various  motions  in  the  atmosphere,  noticed  in  Pneu- 
matics, depend  upon  this  property. 

Queries. 

70.  The  student  will  now  be  able  to  answer  the  following 
queries :  — 

1.  Whether  will  water  boil  sooner  in  earthen  ware  vcmcIs  or  in  tin 
ones? 

2.  What  is  the  use  of  having  double  windows  in  a  house  ? 
8.  "Why  do  brass  cannon  become  sooner  hot  than  iron  ones  ? 

4.  If  we  touch  a  piece  of  wood  and  a  piece  of  metal,  both  at  a  tem- 
perature higher  than  our  bo<ly,  the  metal  feds  hotter  than  the  wood. 
Wliy  ? 


n 


ThUckcd  nob  m 

WbH  »  the  CM  of  making  htSaa  aud  macepBjm  iritli  wide  but- 


Wbj  MB  wiK^Ei  sWna  wojUHS  than  linen  ona  ? 
8.  WKiI  p«tt  of  ■  ifowiiH]  church  is  the  ooolrat  ? 
f.  Sou*  is  ■  bod  couducbn  of  hcut.     ^Vbat   u  the  utiliiy  of  Uiu 

k  Wbf  does  a  mail  blow  hu  hsnils  to  nuke  them  wum,  and  lii* 

to  buSlc  it  cmt  > 

.  Why  DC  praple  Uablc  to  cotcb  cold  when  they  get  thfii  clolha 

t.  'Why  tfaooU  bh  ink  bottk  tuve  a  arooU  maulh  ? 

R(tf*  of  Vonductioa  in  Bodies. 
[.  The  raw  at  which  heat  is  conducted  depeods  Dpon  the 
•tux  of  (euperature  between  the  bodies,  or  parts  of  a 
t  are  in  lUiitacL    This  will  be  manifest  from  the  Ibl- 
iperlmeiit :  — 
Plsnse  a  thermometer  into  hot  water  i  at  first  the  ascent  of  the 
be  tul«  is  very  fn]ttd.  but  a«  the  tonpcrature  of  the  tnetcury 
spjcoothcs  the  temperanire  of  the  wata,  tho  OBcait  of  the 
■  on  ware  uid  nuiru  slowly. 

Heal  ia  cApable  of  difTusiiig  id^elf  more  or  legs  rapidly 
ibc  particles  of  all  bodiw. 


Capaeitji  of  Ridiajbr  ffeal.  —  Specijie  Heat  of  Bodies. 

■  The  amniint  of  free  caloric  in  two  different  qtinntiliea 

vfbm  tatnt  mbttaact  at  tlie  same  tempcntture  ia  proportional 

^tli^  iiia«ao< :  tlius,  two  piaU  of  hot  water  wilt  contain 

e  Ute  quanlily  of  free  calorie  tliat  oiil'  pint  of  Ihe  water  at 

B  tcmpcratort"  does. 

tl  qnmtltln  of  water,  or  uny  other  liquid,  of  diifeient  tvm- 

1.  lh»  hmt  of  the  mixture  will  he  the  mean  of  ihe 

For  rXBiuplc  if  ■  pint  of  wbIct  st  flO"  be  mLitil 

X  of  wMtr  Kl  SQO,  the  tentporalure  of  Ihe  niulnra  «iU 

f  HO',  tw  TO*.     If  their  quantil.iii  are  nnt'iunl. 

n  tmiparmiuTv  Jiitix  miiture  will  be  (bund  by  dividiiig  llie 
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sum  of  the  products  of  their  masses  into  their  temperatuxeB  by  the 
sum  of  their  masses ;  thus,  if  we  mix  two  pints  of  water  at  60°  with 
three  pints  at  100°,  the  temperature  of  the  mixture  will  be  equal  to 

2X60  +  3X100      .._      ™  -  w.       ^.,  ^u- 
. =84®.    These  results  may  be  readily  proved  by  ex- 
periment. 

Equal  weights  of  dissimilar  substances  —  say  water  and 
mercury  ■■— at  the  same  temperature  contain  unequal  quan- 
tities of  heat.  If  we  place  1  lb.  of  water  and  1  lb.  of  mer- 
cury on  a  hot  plate,  it  is  obvious  that  the  mercury  will  attain 
any  given  temperature  much  sooner  than  the  water.  The 
water  is  said  to  have  a  higher  capacity  for  heat  than  the  mer- 
cury, for  it  requires  a  larger  quantity  of  heat  to  raise  it  to  the 
same  temperature.  The  quantity  of  heat  required  to  raise 
equal  weights  of  bodies  1°  is  called  their  specific  heat,  In 
general,  tlie  capacity  of  bodies  for  heat  decreas<»8  with  their 
density ;  thus  mercury  has  a  less  capacity  for  heat  than 
water,  because  its  density  is  greater ;  thus  the  thin  air  on  the 
tops  of  mountains  lias  a  higher  capacity  for  heat  than  the 
dense  air  in  tln^  plains. 

Experiment.  —  Mix  I  lb.  of  mercurj'  at  G6°  with  1  lb.  of  water  at  32®  ; 
thni  the  c()inin(»n  U'lnjHTatiirc  of  the  mixture  will  be  found  to  be  33®. 

Hon'  the  mercury  lf)?:os  33°,  and  the  water  gains  1°  ;  that  is  to  say, 
the  33°  of  the  mercury  only  elevates  the  water  1°,  therefore  the  capa- 
city of  wattT  for  lieat  is  33  times  tliat  of  merciuy ;  or,  if  we  call  the 
capacity  or  s^xxitie  h(^at  of  water  1,  then  the  capacity  or  specific  heat  of 
mercur}'  will  1k»  .3  j  or  .0303. 

In  this  way  the  s])Ceific  heat  of  various  IxxHes  mav  be  determined. 
But  the  laji.i'.it y  of  diU'ercnt  sulv^tanccs  for  heat  has  Ix^m  more  accurately 
determined  by  oliseniiig  the  (juantity  of  ice  which  the  body  is  capable  of 
thawijig.  The  inbtnnnent  employed  for  this  purix)6C  has  been  called  a 
calorimU'Ur, 

A  chamje.  af  nffinne  is  inntriably  attended  irith  a  change  of 
specific  heat.  —  When  tlie  bulk  of  a  body  is  reduced,  its  ca- 
pacity for  heat  is  also  reduced,  and  free  caloric  is  evolved. 
When  the  bulk  of  a  body  is  increased,  its  capacity  for  heat  is 
also  increa-^cd,  and  free  caloric  is  absorbed ;  and  hence  the 
change  is  followed  by  a  reduction  of  temperature. 


LIGHT   AND    HEAT. 
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I.  I.  Hie  sudden  condensation  of  air,  in  a  small  tube,  having  a 
iolid  piston  fitted  to  it,  w-ill  i^iite  tinder.  A  little  instrument  of  this 
kind  IB  H}ld  by  philoxipliical  instrument  dealers. 

Krp,  2.  Air  forcibly  expelled  frura  the  mouth  feeLs  cold.  Here  the 
cold  is  due  to  the  sudden  cx])un!»ion  of  the  air. 

Exp.  3.  Iron  when  hammered  becomes  hot.  Here  the  hammering 
brings  the  particles  of  the  iron  neanT  to  one  another. 

Exp,  4.  Pour  water  on  some  quick  lime ;  the  water  becomes  incorpo- 
ntfd  with  the  solid  substance  of  the  lime;  the  specific  heat  of  the  two 
nfastances  is  reduced,  and  a  powerfid  heat  is  therei'ure  evolved.  (See 
alao  BxperimenU  1,  2,  and  3,  pag(»  18<3-C.) 


Heat  changes  the  Form  of  Bodies. 

73.  It  has  been  s^wn  (sec  pnge  183)  that  when  a  body 
changes  its  form,  eithff  a  certain  quantity  of  free  heat  is  ab- 
sorbed and  becomes  latent,  or  a  certain  quantity  of  latent  heat 
k  evolved  and  becomes  free.  Thus,  when  a  body  passes  from 
the  solid  to  the  liquid  state,  or  from  tlie  liquid  to  the  gaseous 
state,  a  certain  quantity  of  free  caloric  is  absorbed  ;  and,  on 
the  contrary,  when  a  body  parses  from  the  paseous  to  the 
liquid  state,  or  from  the  liquid  to  the  solid  state,  a  certain 
qoantity  of  latent  heat  is  set  h\'^  :  the  former  changes  pro- 
duce cold,  the  latter  are  attended  by  the  evolution  of  heat 

The  change  of  soliMs  to  li(|uids  is  called  fusion  or  melting. 
The  change  of  solids  or  liquils  to  the  vaporous  or  gaseous 
state  is  called  vaporization  wh<Mi  it  tak^-s  place  with  boiling 
or  ebullition^  but  when  tlw^  elmnL^c  takrs  plaee  at  ordinary 
tem}>eralures  of  the  air,  it  i>  ealled  vroporofitni, 

Exp.  I.  Ilcat  a  Mii.'dl  pic<e  of  hrim'»r»mf'  in  a  test  tube  ;  the  brimstone 
fir««t  melt*,  and  thm  ri?Hs  in  the  form  (»f  vttix)r  ;  thes<;  vapors  condense  on 
the  upper  portion  of  tlie  tulM*. 

Eq>,  2.  Heat  a  very  small  piive  of  i(  Kline 
in  a  flaj«k ;  the  flask  Ixy-onies  tilh^fl  with  the 
beautiful  vi«»lH.-<-<)lrirpil  v:i|xjr  of  i«  Kline. 

Exp.  3.  Boil  Himc  water  in  a  retort,  and 
receive  the  crmdensed  steam  in  another  ^lass 
iTffiscl.  (Sec  Fig.  101.)  This  is  called  dis- 
tilled water,  iuid  tlio  operation  is  called  dis- 
tillatiaou 

17* 


Fig.  101. 


IJte  KATCRAL  XXU    ICXPlCttlMICN'rAl. 

£171.  4.  Apply  the  heat  in  tlie  Un  expmmcnl  •■ 
to  liluw  out  of  ihc  iiazxle  at  thir  retort ;  aoK  quioUjr  invot  Uie  n 
iritll  iu  nozde  ia  the  wato- ;  a  kiliMcii  uxd  Tiolcul  coodmition  of  al 

the  Btuun  ill  the  retort  will  tuki-  piuue,  oiul  tlic  uxil  wuta  Hill  nub  u 
the  retort  and  will  fouipluuilj  1111  iL 

7»e  Lattnt  Neai  of  Sttam. 


Kirii<tMi«e  Force  of  Steam. 

"5.  vrtirn  Bteam  is  generated  in  a  close  vessel,  like  tl 
bftiter  of  a  Mmm  engine,  as  the  tpmperattire  or  tlie  wkUt 
rntsMl,  so  I  lie  (k-nsil.y  luid  pressure  of  the  aleam  is  rw«ed  ■ 
cordingly. 

Fit{.  103  rrjmscnlf  on  appimtiu  Ibr  a*natjilnliig  the  law  itf  nhti 
iMWfvti  (he  loniicnilun)  and  iiroKiiTe  nf  dcim.  B  ii  the  bejls  {Mil 
fll1i>d  nilh  wntcr  <  I.  ihe  hpnt  applied  to  U  [  A  B  a  harnmrm  nilw,ag 
w  both  aids,  dipping  inl"  b  pnrtlcin  of  mtrpuiy  ot  llir  liiwri  part  nf  I 
WL^pf  a  tlirnnomciiT  K-ilh  iU  bulb  inN.-rt«l  in  lh>-  Mcnm  [Cad 

.  mnj  Ix.'  cloned  or  ripmnl  nl  pli:«Mire.    Now,  what  tha  tm 

AIM  UliTCnw  .,^  ,^  ^.^  .iBwthilxaiinB  jxriBt,  ins'.Klmi* 
changi^  w  f.illowot,,^,,  ^^^,  x.ta>Atbe  ha^ht  of  iho  nuacn^a 


^^HBBIB 

LIGUT  AN1>   UKAT. 
"",  IWDg  uUHifved  It  the  sonic  inEtaiit,  givc» 

t<Mi  tbc  jmasuic  uud  tiiiiiKrature  uf  llie 
tutm.  ^Vbl^l  the  stcaui  i»ii>.a  &uiii  tha  cotk 
C^  the  maLiiTj  in  tht  lubc  A  U  it  at  Ihc  amne 
Iml  u  ihc  maKury  in  tliL-  buili^,  and  tlion 
lir  pranirc  ct  the  attam  is  the  umie  as  thul  uf 
Ihc  >imatfi)ict«,  wbuh  wc  totimatc  at  a  culuinn 
(fig  incho  of  mocury  ;  whLii  the  ttop  coc:k 
ii  doMd,  and  the  mcitury  ui  the  tub:  A  B 
riiia,  wtiDUat  add  this  mlutiiti  ul' mercury  ta 
tbcM  iucbckfur  the  tual  tvliiniii,  buliuiuing  the 
jnaure  of  the  steam  Lu  the  luilir.  'Iliiui.  fur 
tEMm^t,  whai  the  tcmpcruliUG  is  2312^,  the 
mociny  in  the  tube  A  will  ttuid  iit  the 
hoght  of  Id  mcha  obore  the  Icn-l  uf  ihc 
noeiiTj  in  the  bcnler,  that  in  to  say,  the  pros- 
■ure  of  the  atram  in  thi'  liiiler  wiU  be  nicao- 
Uml  by  a  column  of  miTiriuy  equal  t"  4fi 
inchei,  or,  in  othtr  words,  tlic  jinwun-  uf  the 

d  a^  atmwphne,  or  n[Hal  to  almiit  :!-il  lln. 
per  ■]nare  inih.  Expcnmi-Qtid  lahlis  have 
btm  oooEtmcted,  ^ving  the  n'lation  of  the 


,  Mniple  pjccin  of  niiparatun  hni-c 
btai  consimi.-ted  to  illustnite  the  expanxive 
fbrcc  of  itewn  K«ierat«l  unilcT  hiirh  jirrsraiT. 

Fig.  10*  ithow*  hoK  the  cijiaiiHive  fbrct'  of  a  jrt  of 


tbc  ppe  a  6,  and  impiugiiig  upou  the  v 
tinrattipg  a  mating  inuiion  to  ihc  whitL 


wheel  W,  in  rapable  of 


I    EKPEBUIENTU,    raiLOSOPOT. 


rvff.iOB. 


Fig.  108- 


^.  IDS  (IknnbawtlieKtKtionof  tlteR(eimi,u<niiiigftninllieni 
bbti,  sivts  H  tatataty  motion  bi  the  globe  A.. 

Fig.  IM  diowi  huw  D  jet  of  flcun,  prcya:t«l  on  \he  Smme  i,  may  1 
med  m  a  blnst  for  a  blowpipe. 

Dullmi  lunl  thn  Tairicdlian  tube  lo  eMimntc  the  pipaniive  I 
•t«Bin,  at  tnnprmlUTm  below  tbe  boiling  jiatni  of 
waux.  He  &Uni  the  Torricellian  tuhe  A  d  with 
mBrCHry,  anit  inverted  it  in  the  mercury  ciniliiined 
in  Ota  VKsael  A  :  he  then  ijitrodured  into  Xhr  till* 
B  wnall  quantity  "t  the  liquid  whose  vnpur  he 
witched  to  examine.  This  tinuid  rixs  to  the  to;)  t>t 
tbe  racri.'iuy,  and  oecufues  a  piirtion  of  the  vnctiurn 
iip«n>  i  it  there  gives  off  its  vnpur,  whidi  caiucfi  the 
mnvuij  tn  a:\ii  in  the  tulw,  nndlostiindat  a  height 
M  cnrroponding  to  the  ptastidtjr  of  this  vapor, 
which  is  dependent  upon  it»  heat.  Thie  rvdiuli"" 
of  thi"  I'olumn  nf  niercunr  ipvpB  the  column  of  me'- 
ciiry  <lnc  tn  the  [smiiuv  of  lliu  vajior  at  the  parti'  - 
Ulnr  temperature.  In  ordiT  tn  tary  the  tcmpcrii* 
Inrs  at  pleamire.  he  fniminndcd  tho  upper  port  of  ' 
thr  Tonu^ilian  tube  with  a  wid<-  ([lua  tube  e,  and 
SUmI  it  with  wntcT.  in  which  he  pUcrd  a  thcnttom' 
n<T.  He  then  healed  thin  water,  irhirh  caiiHd  the 
nwrcury  to  disi'cnd  in  the  tube,  tmd  oct^py  a  pun- 

tint  nirrespuiidinn  to  Ih^  ebuilicitj;  of  Ihi'  *Bpor  in   i 

the  itjipei  iiortion :  by  notihn  Iho  tempCTiitHre  and   p.     inr;1 
thir  heitrlil  of  the  mcroury  in  th"^  lame  iTi'liuit,  he  * 

WB*  Htahled  tn  |ci»e  the  relstion  between  Ihe  tcmpcratwe  of  thf 
and  ita  dutia  [oeMuiOi 


LHIBT»I9  BEAT. 

EV*.|-0UAT1(IN. 

7^  The  Iciuling  laws  and  drains  of  evaporntioii  havr  been 
'i]ibiii«il.  TIki  fallowing  experiments  nnd  t-xpasitions  are 
i^ii>»dt.><l  to  place  the  subjt^ct  in  a  mure  prominent  nnd  sdi'n- 


'■  I'" 


..f  U.' 


...111. « 


a  ginss  VCidcJ  c 


■-■■  I  -t  X:.yl  '■.i  lit.  Bupijoning  u  po- 
:  fa  Fuji  c  c  >;i{  uulhai  wore,  SU«1  with 
.'Ji>itei  1  the  mtiole  is  placed  umkra 
;La*  1x4)  /  if.  no  the  pinle  of  a  fmd  air 
rini[i.  Whtn  iht  B«  i»  cxhnUJtrf  ftom 
i.v  nedia.  the  wnar  in  the  <Tip  be- 
Tmn    sniu^tDy    cnnvnlod     bio     ice.  F''g-  1 

H/tB  Ihc  ixluiutim  nf  the  bit  I'ausa  ihe 
-vipoitiro  of  tbe  water  ta  go  <in  with  increawd  rapid- 
I'.i  1  ai  ibc  wroc  time,  the  nttpbuhc  acid  olsinlw  this 
'  tfv  M  ti  b  bdng  fannod ;  ibe  Tti|ud  cvupumiinn  bom 
ih  BirikM  <ir  the  wntci  pmluvcs  n  cnlil  tufficiciit  to 

h,  %   Vrmry/nm  Ay  rmzji^rnlinH.  —  Q  19  n  mcr-  g 
,  and  W  a  spirit-uf-wine  on^  Hxed 
.   iLc  bull)  a  a  ul'  Ihc  Ibermoraetera  are 
d  *1th  cMton,  anhmttd  with  reoti&cd  sutphurio 
•  whole  ia  plal^od  anda'  a  tvcoivia'  ^  f ,  on  tl 
e  tit  piunp.     When  Ihc  air  ia  exhausted  from 
r,  the  cold  pmdiicHl  by  Ihe  rapid  eTnpnr.ilHin 
»  will  cause  Ihp  QuHMiry  to  bcconiE  mlid  ;  Ibe  Lnnpeniture  at 
'  ttlia  plane,  B  indimtcd  bjr  the  apiiit-nt-wiue  IhennoroeleT, 

It  to*  twloH  MU. 

4  WO*  InTcnliid  by  Wullotton,  tht  freezing  wata  by  Its 
;  it  >miuau  of  a  ^lass  lube  A.  D  (see  Pig.  Ill)  tcnuU 
I  Willi   two  bulba  V.  and   D,  on 
jl  bniMhai  \u-v,j  at  nshi  anglta  o 
ia  inlrmlurxd 
■f  b  •  \inXe  tuhr  tl  ai  the  tonmn    ' 

1  ki  CwitJ  all  thr  oir  u  hloioi  *■'"■   "'■ 

1  ill*  wbulf  intrrior  spur  i»  filled  with  nuttm  i  the  tube  O  ia 
dmI  \tf  laelung  Ha  Anc  cltrmuif  in  the  Hanw  of  a  l>lnwplp?> 

■  Iha  iaaUwnml  bu  bcodinG  coil,  the  oncbiMil  warn  ti  then  loi* 


*V.  HO. 


=r 
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minded  b^  Ui  ami  npor  naaiA  in  >  vbcuqiii.     llovtng 
inBlmmait,  Ut  lu  now  fee  bow  it  is  u*ed.     riiingi.-  iha  ■ 
I>  inio  a  freexiiig  mixture  of  saov  and  imlt.   and   tho 
Other  bulb  will  speedily  be  tutninl  into  ice.     ilete  tha  i 
by  lilt!  busing  mixture  is  caoataiitl]'  coudenalug  tlie  aqu 
tilt  bulb  U  !  and  as  there  ia  no  air  m  the  tul)e.  mote 
and  more  vapor  ie  coot inuiUly  rising  fium  thi;  water 
in  the  other  tndb,  und  this  gon  on  until  no  tnuvh 
beat  is  abKtracted  from  the  watCT  by  the  ceaporation 
that  it  frepies. 

Fig.  112  represents  another  form  of  this  ingtrtl- 
menti  wIktc  sulphuric  ether  ia  subsliluted  for  the 
freezing  miiture.  il  is  the  bulb  containiiif  the  walw 
nilich  is  to  be  frozen :  e  the  emptj  bulb  wrapped 
imind  with  some  cotton  moistened  with  dhet :  la 
hasten  the  evaporation  of  the  ether,  air  is  blown 
frimi  a  pair  of  bellows  upon  the  btdb  e.  The  eipi». 
mint  maj  be  performed  more  quickly  by  enclnsiag  o 
in  the  exhausted  Tvcviver  a  A  a  of  an  air  pump. 


MoixlUTt  in  llui  Air.  —  Ifi/grometen. 

77.  The  in$miinents  used  lo  measure  tlic  moiMiire  of  tbt  i 
callnl  hygriTmeten. 

MnMniiw'*  hait  hygmm^er.  —  The  mode  of  nclinn  nf  this 
inatnuncnt  depends  on  the  tact,  that  sutetancis  Idle  hair 
rciidilf  imViibe  moisture  from  a  damp  almoipluTei  aaA.  on 
iiinn\f  so.  iiwcU  out  in  thickness,  but  oAnDaet  in  IcogtL 
This  instrument  a  represented  in  Pif.  US,    A  II  is  a  hu- 
man bur,  atont  una  root  long,  (bved  bvm  all   gmaai  by 
boiling  it  in  D  weak  mlutiim  of  soda  nr  pntai«a  ;)  (me  (nul 
of  it  IS  ButeneJ  to  a  book  at  B,  and  the  othnr  ii-  pnwcd  orpr 
a  fixi-d  piUoir  P,  and  is  sttaiiied  tiRht  by  rowiii*  of  a  small 
wei);hl  W.     The   contraction    and  expansion  of  lllin  hnit 
give  motion  to  an  index  pointer  C,  which  laivrm  oyn  the     Fif,  tlt.9 
ftov  nf  the  (^duated  arc  o.    The  two  eitrenw  points  'if 
tlli»  acale  ate.  where  the  index  pointer  ntnnd-i  in  n  p.rfpvfly  dtja 
phcTw^  and  when  it  stands  iu  an  atin"-i ' 
The-  tonmi  point  ia  marked  0,  or  wm.  ;jii  ! 
tM  1  Mid  the  iiittrrening  an;  i»  diridcd  i  ■ 
^KKg  osIJnI  *  deffrec.    The  icro  pnnt  i-    ' 

nt  in  a  ^bmMI.  fmni  which  ihr  ni|itL->ui  vaj-o  n  «;ihilr 
mwaa  uf  dry  chloride  of  calmum.  or  oronji  sulphunc  nddi  tlBp 


UBBT  ASO   ll£AT. 


SOS 


■(kptsuikst  upUmetl  B 


y  1=  [IrtTTOiiiird  by  pbdng  Uje  inslmniait  in  n  kIjms 
It  iniiH  IJCoLauvcd.  Irowin'tT,  Ui«  the  di^^rcut 
ItiKtnimvnl  uv  tiot  arortJy  ia  jirTcrtioQ  Ui 
ilii;  nir:  iiukcd,  it  18  vxtseediiigl;  ilii&culE  to 

(iLLjil  ImUunicnl. 

i  pttgti  tSi  gtics  a  ample  and  tiikisUf 
(t  aolind  nf  dctcnnuiiiig  tts  Jme  paiiii  of  tbe  uUiuw|ibeic  at  auy 


■/  hjiffnrmritr.  —  A  good  instnuEtnl  of  this  kind  it  rq» 

a  R5. 1  It     A  and  B  »re  two  ordiiian-  niCTCU- 

n  (lUonl  I7  Ibc  tide  of  auih  oUki  ;  die 

il  MntDundal  with  muElin,  wliuJi  i£  kept  in  a 

It  bjr  maum  ol  a  eoKm  thread  ntlaiJied  to  it, 

d  td  Oto  thrad  lian^  pluctd  in  a  cup  W  of 

IB ;  the  other  bulb  B  a  kept  drj-.     Now,  ua 

t  ttrnfaaUs  from  the  niu^in,  (be  rnvrcurj-  in 

t  A  Ellis  1  and  the  dhcr  the  buirounding 

the  mora  ra^M  is  tlie  discuit  of  the  nnn- 

a  the  ail  nbiut  the  Ixdb  A  bcmniea  satu- 

I,  the  nuavutj  in  llie  luLie  becomes 

il  the  point  st  vbich  it  ittaiid>  utU  be  the 

■t  id  the  Ki  at  thai  time.    Thu  gicutci-  the  dif- 

a  llie  two  IhcmiuiiiniL'i^  the  greaUr  will 

■  nf  thir  ait.     Wliui  the  dainp  thcnnonieteT  A  indicatoi  no 

c,  then  Ihr  auirounding  air  al  that  nunncnt  will 


I  MiUorvlotfiral  Jfienoiaaia.  —  I>eu).  —  Olirndt.  — 

Rain.  —  Snow. 

D  tlie  MufaCQ  of  ihe  earth  has  become  healed,  il 

a  ita  iKAt  \yj  mdiation  to  the  EnnToiinding  air  ;  durinj^ 

Vf,  Uiervfim.  tliB  lower  etmlu  of  the  atmosphere  are 

r  than  llie  ui>i>er      But  a  eliange  takes  place  aA«r  sun- 

•  mtCicc  of  the  earth  elill  goes  on  ruillating  its  heat ; 

w  mrivns  no  beat  in  exchange,  m  that  its  tempem* 

aofpli  &11>  below  that  or  the  air.     Now,  the  air  imine' 

J  \a  enatHCt  with  the  cold  Gurface  of  the  cai'th  t)ecainf« 

a  duwD,  BitJ,  if  the  t«m|>eniture  falls  to  the  duw  point  of 

r,  (ban  tlio  vapon  iti  It  are  coiulenMid  on  tlkC  surTaiw  of 

I,  ur  (lio  auU,  in  Ibc  furm  qf  bhuII  ilropa  or  dow,  juai 


1  Ha  HUttft  my  as  the  cold  tnmUer  beoonHB  eatmA' 
ire  in  a  warm  room.     If  the  tomperaiur^  of  tlii 
e  HJnka  u>  llie  tnexing  point,  llit  moisture  is  deposiled  itf 
I  Uie  form  ol"  hoar /rati. 

The  surface  of  ttuj  earth  radintes  niosl  beat  wbcn  (hu  dcf 

)g  elenr  aiid  serene ;  bul  it  is  «s]>(idally  obstruclvd  'ay  doud^ 

whiuh,  like  a  screen,  ratliato  b&ck  to  the  earth  the  heal  nhltk 

Uicj'  revive  from  it.     Hcuce  it  is,  thui  r.ltar,  doiuUeta  ni^M 

.    are  mo»t  Juiiorable  /or  Ute  formation  of  deie. 

Tu  arrest  tlii;  radiatjofi  of  heat  Item  \hD  eaith,  tlie 
I  covers  his  tender  plants  with  mailing  or  straw. 

Winds  and  muuntaius  are  tiic  grtat  causes  of  rain.     Wbco 
k  warm  air,  neai'l^  saturated  with  moisture, 
I   cold  air,  moisture  is  always  precipitated,  and 
I   iti  us,  assuming  eilher  the  form  of  clouds  or  r 

1  wonu  air  lu  be  driven  by  a  wind  lowdrda  d  '"'— "iirfn  M  t 
when  the  air  sUikea  Hbc  eloijing  aiile  of  ihi!  mounuin,  it  riw 
priiujplc  t£  the  reaolulion  ot'  moUon,  Dud  it  is  euried  ovei  tlic 
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I  top:  hy  this  means  the  sii  in  camrd  fmiu  «  wum  lo  ■  cold  nRhn 

',  UicTcCire.  19  pTRdjutiUed,  uid   nwunra  dtha  the  fonn  til 
I  i4uuds  or  nun.  at,  it  maj  he  when  Ihe  cold  is  svrj  ^naX,  that  of  i 
I  ot  hul.     Hmcc  Hvcn  tnkc  their  riw  in  (nounudn  ranges 

SlaunUiiiia  olw  lT«iucntlj  uirai;^  tlw  rtoucb  cownidi  tluoik.  wmI  thut 
m»m  ndii  to  bU. 

Th«  Iwu  grent  pruc«8«c*  of  tmjmratiim  and  eandtmalitm 
meaiu  whereby  thu  vegetation  of  the  earth  i>  conlin- 
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wDy  supplied  with  moisture  from  the  great  reservoir  of 
wuere  —  the  ocean  —  which  covers  the  larger  portion  of  the 
globe 

PhikMophcrs  have  found  it  difHcult  to  account  for  the  suspension  of 

the  pirticloi  of  moisture  in  the  clouds.    It  is  generally  believed  that  the 

BMisturc  in  the  clouds  assumes  the  form  of  vesicles  of  watery  vapor,  or 

fittle  buoyant  air  bubbles,  which,  being  in  the  same  electrical  state  as 

the  stratum  of  air  immediately  below  them,  not  only  repel  one  another, 

bat  are,  at  the  same  time,  rcpcUed  by  the  air  beneath ;  and  thus  they  are 

fapported  in  opposition  to  the  force  of  gravity-     Query,    May  not  these 

vendes  be  mxpparv&dL  in  the  same  way  as  a  little  sewing  needle  is  sup« 

ported  upoD  the  surfiEhce  of  water  ? 

18 


ELECTRICITY. 


PRELnnXARY  VIEWS    AND  EXPERIMENTS. 

1.  What  is  electricity  ?  It  is  a  subtile  fluid  which  per- 
vades all  nature,  and  which  becomes  known  to  us  by  its  pecu- 
liar properties,  or  by  the  way  in  which  it  afiects  our  senses. 
Lightning  is  electricity ;  in  the  thunder  storm  nature  gener- 
ates the  electric  fluid  on  a  mighty  scale.  Electricity  is  most 
easily  generated  by  friction  ;  or,  to  speak  more  definitely,  it 
is  rendered  apparent  to  our  senses  w^hen  certain  bodies  are 
rubbed  against  each  other.  Electricity  appears  to  exist  in 
all  bodies,  in  a  latent  or  hidden  state ;  but  friction  and  other 
causes  disturb  this  state  of  quiescence  or  inactivity.  There 
are  various  means  of  generating  electricity  besides  friction,  — 
for  instance,  heat,  chemical  action,  or  pressure  will  generate  it, 
—  but  we  purpose  first  to  show^  its  various  properties  when  it 
is  generated  by  friction. 

EASY    COURSE    OF    EXPERTM*:NTS,   WITH    SIMPLE   PRINCIPLES 

DERIVED    FROM   THEM. 

2.  'Die  following  electrical  experiments  may  all  be  performed  by  any 
inti'lliirnit  person,  witli  no  other  apparatus  than  what  may  be  obtained 
in  any  ordinary  dwelling  house.  All  the  experiments  here  described 
have  bocn  rcjx?ate<lly  performed  by  the  author  A^-ith  invariable  success. 
Miiiiy  of  them,  he  believe:*,  are  new  and  simple,  and  highly  calculated 
to  interest  younir  perstms,  from  the  very  fact  that  they  ha\'e  it  in  their 
I)osver  to  rep(?at  the  experiments  at  any  time  they  may  wii*h  to  do  so. 

Bodies  which  are  electrified,  or  which  contain  free  electri- 
city, attract  and  repel  light  substances;  and  when  the  elec- 
tricity is  generated  in  a  suflicient  quantity,  luminous  sparksi 
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Fig.  1. 


acoorapanied  by  a  sharp,  cracking  noise,  pass  from  the  electri- 
fied body  to  any  body  which  is  not  electrified.  « 

These  fundamental  facts  of  electricity  arc  illustrated  by  the  following 
experiments :  — 

Exp.  1.  Rub  a  stick  of  stealing  wax,  or  a  dry 
gla«e  tube,  with  a  warm  piece  of  flannel  or  silk : 
dectricity  is  generated.  Ilold  the  excited  stick 
of  Msling  wax  over  some  cuttings  of  light  paper, 
or  any  other  light  substances :  the  bits  of  paper 
win  be  attracted  by  the  sealing  wax,  and  will 
•ometimes  fly  and  dance  up  and  do>K7i. 

Bring  the  excited  sealing  wax  before  your 
CT«B :  a  MOBStifm  is  felt  as  if  spiders*  webs  were 
drawn  across  your  &ce. 

Bring  the  sealing  wax  under  your  nose :  you 
perceive  a  faint  smell  like  phosphorus. 

Buspeqd  a  feather  or  a  Uttle  cork  ball  by  a  silk 
thread,  aa  shown  in  Fig.  2 ;  bring  the  excited 
aealing  wax  near  the  little  ball :  it  is  first  at- 
tracted, and  then  it  is  repelled.  pig^  2. 


~f 


A 


\ 


"^ 


Those  substances  which  readily  yield  electricity  by  friction 
hare  been  called  electrics.  But  it  has  recently  been  found 
that  all  substances  possess  this  property  in  a  greater  or  less 
degree. 

Ejep.  2.  Suspend  two  feathers  (or  two  light 
cork  balls)  by  silk  threads  as  sho\iTi  in  Fig.  3  ; 
bring  the  excited  sealing  wax  near  tlic  fcatlicrs  : 
they  are  first  attracted  to  the  sealing  wax,  and 
then  they  are  repelled  from  it ;  and  they  'v^'ill 
finally  be  finmd  to  diverge  or  fly  from  each  other, 
as  fehown  in  the  figure. 

Here  it  iR-ill  be  oJ»er\'ed  that  the  electrified 
body  fint  attract^  the  featliirs ;  and  then,  when 
they  become  electrified,  in  the  same  way  ns  the 
Maling  wax,  they  are  repelled  by  it,  and  mu-  Fiff.  3. 

tnally  repel  each  other. 

Ejj>,  3.  Bring  the  excited  stick  of  stealing  wax  near  a  light,  downy 
fieather,  floating  in  the  air :  the  fi':ither  will  fin«t  bo  attracted  to  the  scal- 
ing wax,  and  then  repelled  firom  it.     As  the  scaling  wax  is  moved 
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towards  the  feather,  it  will  continue  0 
to  fly  awa^  In  this  w^y  the  feather 
may  be  driven  about  the  room.  If 
the  feather  should  touch  any  body  not 
electrified,  it  "will  fly  back  to  the  seal- 
ing wax  again.  Or  if  an  excited  glass 
tube  be  brought  near  the  feather,  it 
will  be  attracted. 

Here  the  excited  sealing  wax  first 
attracts  the  feather  ;  and  then,  when  the  feather  becomes  eloctrified  in 
the  same  way  as  the  sealing  wax,  it  is  repelled. 

Exp.  4.  Take  up  a  black  cat,  which  has  I  .en  lying  before  the  fire; 
hold  it  by  the  throat  with  one  hand,  and  with  the  other  hand  rub  it 
smartly  along  the  back  :  electricity  yfiM  be  generated  ;  the  hair  ^^•ill  be- 
come so  excited  and  charged  with  the  electrical  fluid  that  a  faint  shock 
may  sometimes  be  felt,  and  a  succession  of  sparks  may  be  seen,  if  the 
experiment  i^  performed  in  the  dark. 

Exp,  5.  Take  two  strips  of  b^o^^^l  paper, 
alx)ut  9  inches  long  and  2  inches  wide; 
irarm  them,  and  hold  them  by  the  finger 
and  thumb  of  the  left  hand;  rub  them 
bri.skly,  by  insertnig  the  fore  finger  of  the 
right  hand  Ixtween  them,  and  then  draw- 
ing it  shar])ly  from  end  to  end :  the  strips 
of  ]wper  will  be  powerfully  electrified,  and 
^^•ill  diverge  ftom  each  other,  as  shown  in 
Fig.  5.  They  repel  each  other  because  they 
are  electrificnl  in  the  same  way. 

Uring  the  hand  between  them  when  thus  repelled,  and  they  will  both 
be  attracted  by  the  hand. 

Exp.  G.  Lay  the  two  strips  of  bro\%'n  paper,  the  one  over  the  other, 
on  a  smooth  table ;  rub  them  wth  the  hand,  or,  what  is  still  better,  draw 
the  edge  of  an  ivory  nde  or  scale  over  them  for  a  few  times  ;  lift  them 
from  the  table,  and  then  separate  them  fix>m  each  other :  they  will  attract 
each  other  very  powerfully. 

In  the  last  experiment,  they  repelled  each  other  because  they  vrere 
<hx.-trified  in  the  same  way ;  but  here  they  attract  each  other,  becau»e 
they  are  i-lc^ctrified  in  different  waj-s.  It  will  be  afterwards  shown  that, 
whilst  the  bottom  piece  of  paper  is  positively  electrified,  the  top  piece  is 
lu^tjntirely  elettrifittl. 

TTic  two  foregobig  exp(  riments  may  be  performed  with  silk  ribbons,  or 
"With  strips  of  thin  shcH.t  gutta  percha. 

Li  tlu.'  place  of  tlic  luuid,  an  old  fur  cuff,  or  a  hare's  skin,  or  Indian 


Fig,  5. 
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nil-l.T,   'I  1  finer  uf  WBTm  Jlniind.  <ir  an  iTory  scale,  may  he  rantiloynl 

.1  .  ;.  lake  iKu  jiipcn  uf  lump  »ug»T,  and  rub  them  togPlHrt  in  the 
'i^: ..     ::ri7  vrtU  jqipmr  ro*rT(d  with  a  beautiful  lambent  Uojiiit  of  (.'le«- 

>„-7.  H.  Take  a  pifM  of  glmit  coinmun  brown  popET  (ot  a  shwt  of 
ilur  iTJttB  pracliai  ahrnit  a  bot  luiii;  tuid  iiinv  inuhos  broad ;  huld  ft 
briL-K  ihi-  hn  niittl  it  is  quiti.-  lint,*  lay  )t  upon  the  toUC',  uad  rub  it 
bcukly  fx  ■  (bw  tunes  vith  tiie  palm  of  the  hsnd  :  the  pap^  -htU  \ie- 
riHOf  jf  liTtrfiiUy  tIroirifinJ. 

1 1.)   Lift  the  paper  by  oni-  comtr  rroui  the  table,  and  it  will  be  fiiund 

il  MHU'  tnte  ii  nquiTR]  tu  reiniiate  the  pap^  from  tlic  taUi;. 

(2.)   UaH  ate  clcctnScd  jiuper  an  in  Fig.  fl  ;   bring  the  extended 


Fif.  e. 


t  the  tight  hand  near  to  the  stirfacc  at  the  papa :  it  will  be* 
t)  |i>  (be  hand,  ond  electric  sparka.  giving  a  mapjatig  sound,  will 
o  the  fiii^ra. 

)  UoM  lome  feathun,  Bu^)ended  by  Hlk  thread,  near  to  the  ratdted 

f,  »  «hitwo  m  Fig.  T  ;  the  reolhcrs  will  be  poweiflilly  attracted. 

"eU  the  exdted  paper,  or  the  exdted  sheet  of  gutta  percha.  m 

uy  be,  OTcr  the  head  of  a  pciKm  having  dry  hair,  a;  tbawn  in 

M  hail  Will  be  [xiwcrfuDy  nttiscted  by  the  lupiT,  and  each  par- 

r  Iwb  will  ^ipcsr  ria  if  gtanding  on  end. 

t  Ueld  the  esuJied  \*\>a  over  the  fac« ;  a  smution  like  that  pv- 
over  the  face  will  immedinlely  be  foil. 
npfrlmmt*  1.  2.  and  3  with  the  vlcctrifl«l  pupa. 
r  twD  pUrea  (if  stout  brown  paper,  of  ihe  lamt^  axe  m 
a  B^  9 ;  ofur  htAtiug  lliisii.  Uy  the  one  upon  the  otlit*. 


s  parcUa  tbould  m 


II  be  h«t«L 
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and  rub  the  upper  sur&ce  with  the  pahn  of  the  hand;  tear  the  two  ah*** 
of  paper  from  the  table  ;  they  will  adhere  firmly  together.  A  crackling 
sound  ^^ill  be  heard,  upon  separating  them  from  each  other;  and  xs^ 


Fig,  8. 

being  brought  near  to  each  other,  they  will  mutually  attract  each  otheri 
and  'viill  again  adhere  to  each  other.  If  they  arc  separated  from  each 
other  in  the  dark,  an  electric  flash  will  be  distinctly  observed. 

Exp,  10.  Hold  the  excitcKl  iKii)er  near  to  the  wall  of  the  room :  the 
pajxjr  will  fly  to  tl'.e  wall,  and  will  remiiin  tliere  «)me  minutes  ^-ithout 
falling. 

Ejrp,  11.  To  obtain  a  series  of  chrtriv  sparks, — Take  a  small  tea 
tray,  and  place  it  upon  a  dry  tumbler  gl.v.  m  phown  in  Fis.  9 ;  place 
the  excited  f»heet  of  paper  or  guttu  ptTclio,  described  in  Exp.  b  ur  9i 
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•a  tnr ;  tring  tbo  knuckle  nrar  lo  ihc  tea  tray,  and  on  cIcl- 
-  •park  will  be  nmrccl ;  quiddy  withdrow  the  paper,  uiul  again  ag'ply 
ijiivUr.  asd  RunbcT  spark  will  be  received  ;  TepLkce  ihe  pnpec,  unil 
ic  knurkJf,  and  artmher  tpmk  will  be  perceived  j  tuuitDan 


■4loz    '. 


/Vj.  9. 

li.  tt.   Takf  s  BuaU  (^dintcr  of  wood,  about  9  inches  kmg;1 
bto  it*  exnvmiiitxi  stiapcnd  it  from  itimiddli-  by  a  aXk  t 
i  the  excited  nkk  of  Holing  wu.  or  brawn  pujier,  near  in  i 

:  it  will  l<r  mtncTtcd.  and.  by  moving  the  cla:trifi»l  body  in 
I  («tk,  being  constjmtly  atUocted,  wriU  oppeor  lo  revolre  oi 
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near  to  the  wick,  as  shown  in  Fig.  12 ;  the 
smoke  is  attracted  by  the  sealing  wax,  and 
sparks  of  fire  api)ear  to  fly  towards  it. 

Exp.  16.  Support  a  warm  pane  of  glass 
upon  two  books,  one  at  eac-li  end ;  place 
some  dry  bran,  or  cuttings  of  fine  paper,  or 
light  pith  or  cork  balls,  beneath  the  glass,  and 
briskly  rub  the  upper  side  with  a  warm  piece 
of  flannel  or  black  silk  :  the  bran  will  dance 
up  and  down  with  great  rapidity. 

This'  experiment  was  first  made  by  Newton.    It  was  important 
time  of  its  discovery,  inasmuch  as  it  showed,  what  was  not  kno^ 
fore,  that  an  electrical  body  became  electrified  <m  the  aide  cotUt 
thai  tohich  vxu  excited. 


Fig,  12. 


CONDUCTORS   AND    NON-CONDUCTORS   OP   KLECTRICIT 

INSULATION. 

8.  The  metal  tea  tray  of  Exp.  1 1  was  placed  upon  a 
tumbU»r,  l)c*caiise  glass  is  a  non-conductor  of  electricity ; 
in  like  manncT,  the  feathers  of  Exp.  2  were  suspended  b 
threads,  because  dry  silk  is  a  non-conductor  of  elect; 
If  the  feath<»rs  hful  been  suspended  by  a  metallic  wire,  i 
place  of  silk,  they  would  not  hare  diverjijed  from  each 
in  the  manripr  described,  for  metals  conduct  the  electric 

The  el o  trie  fluid  d(K»s  not  diffuse  itself  over  the  surfa 
a  no:i-o():idnct()r,  but  n'inains  confined  strictly  to  that  p« 
of  tbf*  ^nrfa're  which  first  receiv(*d  it ;  thus,  when  one  e 
a  stick  of  souliiij];  wax  is  rubbed,  that  extn*mity  bec<.Hn(»s  I 
electrified,  whilst  the  olbcr  extremity  n*mains  in  its  n: 
slate.*  C)ii  the  contrary,  conductors  freely  <onv<'y  the  el 
fluid  from  on(»  part  of  their  surface  "to  another;  and  thu 
electric  i\nu\  instantaneously  diflTuses  itself  unifbrndv  ov< 
whole  suHai"'*  of  the  ccinductor,  just  as  water  would  s 
itself  over  a  h'vcl  siirface.  All  metallic  brxlies  an*  exe 
conductor- ;  and  water,  wood,  Arc.,  a?  well  .m*  m11  snl>^tan< 
a  damp  state,  readily  conduct  electricity.  The  earth  i 
great  resen'oir  and  con<luctor  of  electricity.  When  any 
trifled  body  is  suspended  from  or  supported  by  a  nor 
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doctor,  the  body  is  paid  to  be  insulated.  All  non-conductors, 
tiita'fure,  are  culled  insulators.  Glass  rods,  silk  tbi*eads, 
stailijig  wax,  and  fine  tbreads  of  sealing  wax,  are  the  insula- 
ton$  most  commonlj  used  in  {xirfurming  electrical  experiments. 
All  these  sabstances  become  conductors  when  they  are  in  a 
<liunp  state ;  hence  the  necessity  of  having  all  our  insulators 
perfectly  dry  and  wai-m.  Gum  lac  is  the  best  of  all  insu- 
lators^ because  it  does  not  readily  become  covei*ed  with  mois- 
ture. For  conducting  delicate  ex|)eriments,  there  Ls  no  insu- 
lator to  be  compaix^  with  a  fine  thread  of  sealing  wax  or 
gum  lac. 

Bodies  differ  very  much,  as  well  in  their  conducting  as  in 
their  insulating  |x>wers.  Of  all  bodies  metals  are  the  best 
cooductorBy  and  resinous  bodies  are  the  best  insulators  or  uon- 
coodactors.  The  bodies  in  the  following  list  [x>sscss  these 
poirers,  in  the  order  in  which  they  are  named. 


iSaui/catum    of   Conducton    ac- 
9onUnff  to  their  amductuig  power. 

1.  All  the  metals. 
t  ChazcoaL 

3.  Flumbogo. 

4.  Adda. 

5.  Metallic  ores. 

6.  Animnl  fluids. 

7.  Water,  and  all  damp  nibstanceB. 

8.  Ice  abofve  13®  Fahzcnhcit. 

9.  Snow. 

10.  liTuig  animalB  and  vcgetaUfii. 

11.  Flnxnc,  nnnkc,  and  steam. 

12.  Snhiblcmits. 

13.  Harcfipd  air. 

1ft.  Vapors  of  ether  and  nlcohoL 

15.  Damp  earth  and  stones. 

16.  I^iwdcred  glam. 

17.  Fk>wcn  of  sulphur. 


Classification  of  Insukttors  accord' 
ing  to  their  ituukUuu/  power. 

1.  Gum  lac,  gutta  percha. 

2.  Amber. 

3.  Resins,  sulphur,  wax,  jet. 

4.  Gloss,  and  all  vitrifiictions. 

5.  Mica. 

6.  Diamond,  tranpparciit  grmn. 

7.  Raw  gilk,  Ucochul  silk,  dyod 

silk. 

8.  Wool,  hnir,  frathds. 

9.  Dry  paper. 

10  Parchment,  lenther. 

11.  AtmoHphcric  air,  when  dr>'. 

12.  All  dry  gants. 

13.  Raked  wood. 

14.  Porcelain  and  drv  marhlc. 

15.  Camphor,  Indian  nillKT. 

16.  Lycoixxtium. 

17.  Drj'  chiilk,  linK>,  phos-]^l»oni«s. 

18.  Icobek)w  13°  Falirrnhcit. 

19.  Many  dry,  trnnsparcnt  rTystaU 

20.  Oiltf,  dry  oxidct>  of  metuls 
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Coudncling  substHnces  wurfi,  at  one  lime,  (^Dud  iiiwite 
trict,  a,nd  non-con diiciors  wero  called  eteetrict ;  but  Uw  fBh 
tinction  is  not  founded  an  (aci,  Upcoum)  condocttDg  EBbMincfc 
when  insulated,  will  yield  elci-lridly  liy  friction;  and  beriile^ 
the  utjiaj-'ily  of  a  sulistanue  for  yielding  rieclrvnty  by  BtMob 
does  iioi  Bi^em  to  dcp^ml  upon  ihe  in^ulaliiig  nr  non-aUkAM^ 
ing  power  of  ihe  substance. 

The  AiniospUerB  munitestly  belongs  to  the  elasa  orm- 
coiiduclors;  if  this  hud  not  bcou  the  cnse,  no  electrified  hQ' 
ouuld  have  retained  lut  electricity  for  any  lengtJi  nf  itaft 
When  air  becomes  rarelicd,  it  loses  iU  inaulaiiiig  proiriT^J 
thus,  an  cluctritied  body  mmii  loses  it:  eleclricity  wliea  f\viA 
in  the  exbauatinl  rcueiver  of  an  air  pump.  Tlie  eleclriii  flnil 
Hpreads  iUelf  in  a  Ihiu  coaling  over  ibe  siirfni;!;  iif  ihii  nlKin- 
ficd  body,  and  it  is  prevented  from  esi^ping  by  tlie  pruMdff  * 
tension  of  the  surrounding  air ;  when  this  pressure  i»  rwiiW" 
beyond  a  certain  degree,  the  electricity  eaeapes  from  the  W 
face. 

ELECTROSCOPES. 

\.  Electroaropes  are  ini^lruraentfi  used  for  delccttDI  1* 
presence  of  electricity  in  bodies  i  such  aa  the.  euspetided  ji* 
balls  represenl«d  in  Fig.  3. 

By  means  of  hii  eleclmecojie  we  can 
Radily  stiDw  that  ibatv  at«  two  luiiiU 
of  I'lHtriLity i  ilic  aav  bdug  mlled  fot- 
t>iiw  ilPtniiiiy.  nml  the  other  ntt/atirt 
ebx'trU-ity.  Therf  are  vBrious  eloL'tro- 
mtjpc«.  but  Uie  fblkiwing  one  is  eoaily 
miulh  and  in  quite  delicate  ennugb  for 
all  oidiDiry  elGcttncal  iMperiinenls. 

Ta  maif  a  tirnpU  Bferfmdnjw.  — 
Take  a  nnrrc™-  strip  cif  tin  foil ;  mdt  ■ 
thff  end  of  a  atkk  nf  Muling  VA%  1  at- 
tach it  to  OK  end  iif  llie  tin  foil,  uid 
dniw  tbc  wax  out  inio  a  Him  TJirem].  M 
jlKnrn  in  Tie.  I'l.  wIictc  T  rvjireiiiwil* 
tbe  tin  ftn'l,  and  W  tIk'  trilling;  wax :  pt««  tho  click  of 
the  nuuiivl  bIuOI  it.  and  yuu  will  have  •xauxruMd  a  ti 


n 


^1^1 


ruccTRiciTr. 


*ilb  vtiicli  tlu'  ruHuwing  denKBuitTalive  czpenmontf  Visy  be 


■ere  are  two  luiula  of  electridly. 
two  simple  electroscopes  ;  cxcke  a  stiuk  of  sealing 
I  alio  a  dr^  gliiss  tube ;  the  ek-ctriuily  of  the  sealing 
Ic])  b  said  to  be  nryative,  will  be  different  Iroia  iLe 
ly  of  the  glass,  irhich  is  said  to  \i&  positive,  aa  may 
\j  ihe  fpUowing  expeiiments  : — 

the  sliips  of  tin  fiiil  -with  the  excited  gla»  lube,  bringj 

00(1  lliey  nill  &y  &om  each  otho,  at  abown 

the  bodiea  tcpel  each  other,  becaiue  ihey  are  elc 


4 


^MMJk^Uicr, 


i^ray;  that  ia  tDBay.ltief  sreioM  in  BBtaUofpontiav 


IVrfbni)  the  sBme  expmmeni  with  the  excited  aealing  waza  I 
rqa  of  dn  foil  vrUl  repd  each  other,  as  Bbown  in  No. 
the  hodia  utF'  Ao(A  in  a  natc  of  ntgative  or  mi'nvt,  — .  dee- 

.  Tonch  one  of  Ihc^  Btri{i»  of  tin  Rnl  irilb  the  excitnl  gUua 
>  toach  the  utiier  strip  with  the  excited  Mick  of  eealing  wax ; 
AqH  thus  clnrtriliifd  near  mi^h  ulhio' ;  ifaej  wtU  be  poTrerfuIly 
to  Mull  oUier.  v.  tihtnm  in  No.  'Z,  Fig.  14,  thereby  proving 
ibtlhnty  gencvatal  by  llie  tHcCioo  of  ^ls«  i«  dilTerent  from 
hj-  the  (riition  of  scaling  wm. 
may  te  readily  pcilbrinpd  with  one  elcctroai'ope  in 


.  Briog  the  excited  stick  I'f  sealing  rnx  ncnr  the  strip  of  ti 
It  bv  tan  ntlncteil.  and  then  It  wlil  remain  pennnnsillj  n 
j>7  atkta  mdlnl  eiirk  of  nenling  «m,  nr  any  exritecl  n 

,-mfSk  11^  the  rln'triUed  <lrip.    Now  bring  an  eicttcd  g 
ttt  Ar  dorinfled  tin  fiiU ;  it  wilt  he  tnitnitly  attnirled. 
!■*  ntprrintuiti  wo  AtAic  the  fhlliiwing  Inw,  rrlutivc  to  U 

llrfdtulridtyl  — 
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BoAea  eleotriSed  in  llie  same  way  repel   one  anotlnr) 
buUied  electrilicd  in  difltsrcnt  vays  attract  one  unotlier. 
we  may  ex|jreits  this  btw  hj-  simjily  slating,  \lial  like  elovtrui- 
ties  repe],  and  unlike  attraci. 

By  this  law  of  electricnl  polarity  we  may  easily 
.  to  wljicli  kind  of  electricily  any  esdted  body  belongs. 

Exp.  !•   Sujipoec  wc  nrtali  to  luiow  whether  the  eidled  \mmjtfK 
of  Exp.  6,  p.  208,  U  poeiiive  or  ni:gBtive. 

Touch  the  strip  of  tin  Ibil  T,  (_Fig.  IS,)  with  ail  cxcittd  cttdi  of  i 
WKx,  and  the  till  Ibil  will  he  nt^gativelj  clotUiiicil  i  now  biiiig  [ha  ci>- 
tnlid  Iztiwn  papur  near  to  the  strip  of  tiu  Ibil  i  it  ii  Tppelled 
the  pftpcr  in  eUclntM  in  the  auiie  manucr  m  the  ii«uliiig  wax  \ 
u  in  a  HtatH  of  negative  dettridly. 

Or  WB  may  pnoced  as  followB :    Touch  the  tin  itjH  of  the 
iritb  on  excited  glass  tube ;  bring  the  excited  pupei  neni  to  the  tin  Uj 
it  is  instantly  atliactcd,  Iher^y  showing  that  the  electfioity  aH  Ai 
dted  paper  is  unlike  the  eicctriiaty  of  the  excited  glass ;  thai  i^  the  e 
tiidty  of  the  paper  is  negative. 

Eip,  2.   Perfonu  the  Kune  experiment  with  cacited  sulphi 
be  tbund  to  posstsa  ni^ative  elfictricitj. 

Exp.  'i.   Hub  a  glass  tube  with  a  black  cat's  skin ;  test  the  Gleeub 
of  th?  glass :  it  will  be  found  to  be  negative,  thereby  showing  iktt 
same  substance  may  be  positively  ot  ni^tivcly  cLxtti£ed.  nccatdini  la 
the  nature  of  the  rubber. 

Eaji.  4.  Test  the  elactricitice  of  the  two  sheets  of  hrown  ' 
Exp.  6,  p.  208  ;  the  U[fKr  sheet  will  be  negative,  while  the  UiD 
will  be  pueitire. 

After  separating  the  sheets  of  brown  paper,  place  them  on 
udes  of  the  tin  foil ;  it  will  &y  with  great  r^udity  backwanl* 
wards  from  the  one  sheet  of  paper  to  the  oIIhx. 

Eip.  6,   Hold  an  excited  tttik  of  sealing  wax  and   an  cxii 
rod  near  to  the  tin  foil  of  Ilie  eUi.'tTiHcijpe ;  llie  tin  Ciil  will  fly 
■nd  forwards  froni  the  one  to  the  othn.     Perfinni  die  sanx  ( 
with  the  flj-ing  feaihcr  of  Exp,  3,  p.  207, 

0.    Electi'icity  remiiins  on  Ihn  Biirrnce  of  n  nonjNiinlpel* 
when  it  is  pleetrilii-d;  thai  is  to  shv.  the  i-Ii-plrifiwl  fluH  ■ 
not  pass  from  one  part  of  rJie  snrfiicp  in  anoth<>r  jwrl. 

Efperimi-tit.  Exdle  the  irAnfe  sur&i*  uf  a  iriece  of  »?aling  wa» 
dry  silk :  run  the  Eire  finger  down  imr  ti'ifc  of  the  excited  sealinfl  ' 
Muoh  the  tin  foil  of  the  dectroBcope  with  that  aide  of  the 


a  not  hm  bkoi  twiT' An  Dm  *n  ftnl  v^ 

n  tlw  ornling  wax  round,  Uieo  :liu  tin  tail  will  no  longer 

it  will  he  rcca  tlul  the  clerlricily  Joes  not  npjtaA 

'.  file  ekcUicity  of  Uie  rubber  b  iliflm:ni  frum  ilic  ck-<:- 
j  of  tfiB  t)od;  frhich  is  rubbed. 

•  I^*pec«Df  diTsIk  upunllie  tiilalE,ati<l  nib  it  witha  itick 
>xi  lift  up  tlu!  FxuUd  silk  hy  one  curncr,  and  uudi  tbe 
Ht  dectmscopc  wicii  it,  tliaik  the  tin  fuil  will  Ik-  char^'d  wilh 

;  bring  the  cirikil  ecaliiig  wax  near  to  tlip  tin  fi)il. 
illy  altisctud,  thereby  HHaning  tliot  whili-  llic  Hral- 
f  elortriiity,  tht-  silk  is  in  n  posUire  rialc 
X  of  ailk  or  ttuniiij  to  the  uid  erf  ii  itLck  (if  enJuig 
;e  of  glaae  with  the  imnibited  ulk,  taking  van  to 
I  by  tbc  iitoiiluling  handle ;  tuit  the  cittlritity  of  thu  rub- 
il  iW  excited  gkkss  by  nuiias  of  the  eltiiroBcupp,  and  it  wiQ  be 

it  Uw  slk  mbb^  is  nejcalive,  while  the  glnss  ii  positive. 
■>  S.   Rub  a  ahoet  of  bruwn  papa  in  the  bbidc  numner.     In  (hul 
■Iha  tfk  niLba  win  be  podlite,  uid  the  abuct  of  puper  ut'guCivi\ 

THEOBIE8    OF   KL  EC  TBI  CITY. 

>  T^teso  experimeaU  led  some  philo80|iherB  to  consider 

I  Ibere  was  only  one  oleclric  fluid,  and  Uiat  U  (.-sisleil  lu 

,  whicii  was  rubbed,  in  excess,  or  iQ  a  plus  stale, 

I  It  existed  in  the  rubber  in  deficiency,  or  in  a  minns 

Acnionling  to  tliis  theory,  tlie   IriClion    deprives  llii; 

r  of  a  portion  ol'  its  naluml  eleclrii^ity,  and  transmits  il 

>  {laM,  whleh  ttiereby   receives  more  than  its  natural 

Tlib  explain*  the  use  of  the  temia  positive  and  ncgO' 

ledrioftj'.     llowerer,  as  we  siiall  aAcrwnrds  show,  it 

a  be  moTf  eim|Tle  for  us  to  regard  elect licity  as  eon- 

g  of  tmt  Jinidt,  wliicli  mutually  fttlnirt  each  other,  but, 

Mme  llnio,  eneh  fluid  U  flelf-repellent  —  that  is  to  say, 

1  partidM  rrpd  nne  another.     The  kind  of  fluid  ex- 

n  yt'iM  and  analoaoos  IkkHob  in  called  vilrroiu  ;  and 

n  irnllng  ithj-  and  ih.;  like.  rftinoM  elcctriciiy.     Tba 

•  anawers  to  tlie  fmxitii-f,  and  ibe  resinous  to  tlie  ntgo' 
•  tlMxniy  ruDjr  nui-uuuU  for  the  electrical  uttnusliona 
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and  rc|iulHicin8 :  Tor  whtMi  l)i<-  tU-t^trii;  fln'iA*  in  Iku  ImmIi 
unlikv,  Itic  builiua  allract  luw-li  ulbcr,  bjr  virtue  Of  Uie  ■ 
nllrticttun  v(  Uie  two  Iluids:  and,  on  rlie  t^ontrarf,  wfani  ifeC 
electric  fluids  in  llie  two  bo(lii»»  Hit'.  likr->t1io  bcHli<>«  raiwl  a 
other,  by  virtue  of  ihe  rcinlli'tit  property  of  ilie  pnrlkle* 
tho  aanic  tlitiil.  WlK^n  eiiuiil  portioiut  uf  llie  twu  ttuldii  uni 
they  m-utnitiBe  each  ollit-r.and  Llie  uloeiricily  U  ilu-ii  in  an 
trnl  or  quiescent  atutv,  wliii;h  is  tiin  nsiiiil  »iu[r  in  wIul-Ii  d 
trji'iiy  existH  in  bodies.  Fridion  ilialurbn  the  eiiuihiiriuiit 
tliu  two  Iluids,  hy  aepumtiiig  tlic  (tilt-  Iri'in  tlte  otli^r;  llie  p 
itive  liuiil  attiLchcs  iHkW  Ki  the  gtusB,  ivliile  the  n<-ga(iVo|i 
attaclics  ilM-ir  to  the  ruhber.  The  two  Iluids.  in  the  luUi 
Btutc  ot  bodies,  as  it  were  liold  «nch  oiher  in  a  slaM  of  in 
tlon,  and  electricity  is  than  said  to  be  laitmt  or  hidden. 

The  SiNiJLB  Fluid  Tiikort  was  ndogitt^d  by  Krankl 
and  atler  liim  by  most  oF  the  English  electridniu,  nittjl  w 
recently,  when  tue  TiitORi  op  Two  KmiDa,  m  abovi  i 
plained,  which  had  been  generally  Bilujitfid  oD  the 
became  more  popular  muonga  us.  It  iniut,  huwirvitr,  he  I 
membtired  that  the  great  nse  of  theory  in  this  sutijeel,  i* 
gi-oup  sud  cinasily  tlie  vusi  ito-umubtiuQ  of  facts  wlUdt  fel 
been  brought  to  light- 


r   AND   INDUCTIOX. 

9.   Wlicn  the  clcrlric  nui<I  is  transmitted  fnm  am  botlf  1 

another  rJirough  the  medium  of  an   iiisulalcd  duidiietar,  it  ! 

I  be  conveyed  hy  ctnuluelioa  ;  but  when  elvetrioiW ' 

I  Iraiisinitted  from  one  budy  to  annther  at  Koinc  distance  An 

it  without  receiving  a  spark,  tl  is  said  to  he  by  imiuf^imt. 

Btrperinuint.   Sii|ti>ort  n  ton  ipoon  B  C.  or  uiy  thl.-k  locul  wtn^'^ 
a  ■tit'lt  or  BL-aliiig  wax  B :  thU  i^nn  ciisQf  be  dniia  \if  wWtii^  Ibo  dk 
!   and  fixinjc  the  epooa  to  it,  a«  ehown  in  Pig.  13,  p^e  214.    llwMq 
I   will  tbu«  form  un  iiuulatcd  oDiidiicior. 

(I.)  Hold  the  conihutoT  B  C  by  thp  inmUlIng  (tlrk  S;  Ivhif  d 
I  ntttrmit}-  C  ana  to  Ilio  tin  liiU  T  nf  the  da.-tnmipi' ;  ihcq  (wiok  ll 
I  flpiniDtc  iMlrrmity  B  with  on  cxiHlnl  Mli-k  of  wolini!  vn* ;  tb  tin  Hi 
f  «Q1  br  allrnrird  nnd  ihmi  trpi'lln).     I|i.i«  itw  nivlal  B  C  londwM  i 
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-  trrm  the  (raUng  «wi  A  in  the  I'm  HI  T.     TliU 

'  'in  -  B  C  maf  be  oiiy  Fondurling  iiuliHtiiiuie. 

I'l-iaiux  B  C  wia-e  glas,  iir  lUiy  oUiur  luin-con- 

M.'.il  luA  l)o  aHi-clcd  by  the  coutuct  of  A  with  the 

)  IttiDig  the  MtirmiEf  G  of  rhe  conduclnr  M  the  distance  of  aliout 
B  iDcti  from  the  tin  foti  1  hold  the  exdlrd  cikk  of  waling  wax  A 
c  diauncc  from  the  extremity  B  ;  then  T  will  he  eloc- 
r.  which  can  rradUy  be  taicd  iu  the  usual  waj.  Tiat 
c  id  clnrtiiad  laibution.  Take  A  awny.  oiid  all  sgia  of 
T  will  b«vc  (li'appcari.'d  Cram  the  ccnJiittor  B  C,  Here  the 
y  t*  eonwycil  ut  inmsiiuttcd  from  tlie  clwtiificd  body  m  the  itn 
^b  the  air,  anil  nut  by  the  cmitjut  of  the  coaducuw  with  the 
■1  lody.  Electrieol  induelion,  then,  takes  place,  wheu  electridty 
1  bf  Qiii-  ludy  In  atiothcr  at  some  distance  &»ni  it.  The 
«  boe  fxhihitvd  may  lie  explained  as  follciwa  :  " 
■live  dcctridty  on  A  repdi  the  negative  electricity  in  the 
II  C,  and  otlruriB  its  piEitive  dfctndty ;  the  coii»x)ueii(«  ii^ 
m  of  tlic  two  fiiiids  in  the  aniiluttar  ii  dettinycd,  (he  nvg- 
s  towards  iliG  exttemlty  C,  and  the  positiTc  fluid  is  u- 
iranlt  the  cxtiGinily  B.  Hence  the  tin  roil  is  iirst  utttoett^d 
2,  end  tlien  rqitUcd  from  it.  And,  upon  witlidrnwing  the 
,  Ac  tin  lliil  will  remain  elertrified  negatively.  To  prove 
;  m  cxdtcd  itick  uf  uidiug  wax  tuwords  the  tin  fiiil  T,  ojkd  it 

n  like  name  experiment  with  an  excited  gUi»  tube  A.     In 
t  tbe  extronily  C  will  be  positive,  and  the  tin  foil  will  bo 
b  pnitiTc  electricity. 

cat  Exp.  3,  and  Ixfnre  taking  the  electrified  sealing  wax  A 
loudi  C.  and  (Aon  take  A  away :  the  oonductor  will  remain 
J  dKtriflcd.  which  trill  bo  shown  hy  its  now  ailiiirting  T.    If 
ll  tfa>  acttvQiity  8.  the  conductor  will  tinniiin  electrified  nt^i- 

■  may  be  mdily  explained.     When  we  twieh  the  ex- 

ptakc  away  the  trcv  negative  electricity,  and  then  when  A 

•>  of  podiive  electridty  remains  in  the  conductor. 

we  touch  the  extremity  B  we  lake  awny  the  fix* 

Iflty.  <>t>d  then  when  A  it  taken  away  the  conductor  B  C 

d  with  nesali^c  clurtridty.    The  truth  of  lliow  rwulU 

(V  n^Ur  viTi&cd  in  the  unial  way.    OUcrve  that  llie  tin  M  T 

a  chargvl  wiih  the  eleetiidty  of  the  extremity  C  of 

I  annKtimt  an  mdily  expkiiiti]   upun  tlie   priiici|ili'  of 
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Fig.  16. 


induction :  by  the  action  of  induction,  the  body  which  is  attrauted  ii  in  a 
different  state  of  electricity  from  that  of  the  body  charged  with  the 

electricity. 

Tate's  simple  Gutta  Percha  EUcirophorm. 

10.  The  following  apparatus  depends  upon  the  principle  of  induc- 
tion :  — 

Take  a  toy  tin  plate,  costing  one  penny;  heat 
the  bottom  of  the  plate  over  the  iiame  of  a  candle, 
aiid  fix  a  ^tick  of  sealing  wax  A,  as  shown  in  Fig. 
1^},  to  its  upper  surface ;   lay  a  sheet  of  gutta 
pcTuha  (or  a  sheet  of  wami  b^o^^^l  paper,  as  the  case 
m.iy  Ix.')  u\iOii  a  smooth  table,  and  excite  the  sheet 
in  the  usual  way ;  place  the  tin  plate  upon  the  sur- 
face of  the  gutta  percha,  and,  after  touching  the 
plate  >\ith  the  tiiiger,  lift  it  oif  the  gutta  percha  by  means  of  the  insa- 
lutiiig  handle ;  apply  the  knuckle  to  the  tin  plate,  and  a  spark  of  posi- 
tive electricity  will  be  rccdvi-d.    lliis  may  be  repeated  for  about  a  huu- 
dre<l  times,  without  any  sensible  diminution  in  the  size  of  the  spark. 

Here  the  friction  of  the  gutta  percha  generates  negative  electricity; 
and  therefore,  when  we  ttnich  the  jilate,  we  take  away  a  certain  portioQ 
of  negative  electricity*  from  it,  and  consequently,  when  the  plate  is  raisedt 
it  must  contain  an  excess  of  positive  elc-ctricity. 

In  order  to  give  a  continuous  charge  to  a  conductor,  place  the  insa- 
latcd  tea  tray,  repre^nted  in  Fig.  9,  directly  above  the  edge  of  the 
plate  A  of  the  eleetroijhorus,  so  that  when  the  plate  is  lifted  off  the 
shei't  of  ^itta  percha,  it  shall  strike  against  the  edge  of  the  tea  tny. 
Li  this  way  a  rapid  s1lcccs^ion  of  sparks  will  be  transmitted  to  the  lea 
tray,  whicli  vdW  conKc-(iuently  Ixx-onie  powerfiiUy  charged  with  pontiTO 
elcHtricity.  An  cicatrical  jar,  having  its  knob  placed  near  t4>  the  edge 
of  the  tea  tray,  will  W  >ot)n  charircd  with  jxjsitivc  electricity. 

11.  By  means  of  tliis  elect roi)horusi,  the  following  demonstrative  ex- 
ptriments  may  be  readily  performed  :  — 

To  thow  thai  pointed  conductors  draw  off  electricity  from  an  eicctr\fied 


Fig.  16. 
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My :  Place  a  oommon  toasting  fork  upon  a  dry  wine  glass,  as  shown 
in  Fig.  16 ;  bring  the  electrified  plate  of  the  elcctroi>hor\iH  near  to  the 
pouitB  of  the  fork,  then  a  spark  may  be  token  from  its  opposite  extremity. 
To  exhibit  electrical  induction  and  conduction :  Plaie  a  ix)kcr  \i\ion  a 
dry  wine  glass,  as  sho'vv-n  in  Fig.  17  ;  touch  one  extremity  of  the  poker 
with  the  electrified  plate  of  the  electrnphoms,  and  a  spark  may  be  re- 
envcd  firam  the  opposite  extremity,  thereby  showing  that  the  iron  is  a 
conductor  of  dectiicity. 


Fig.  17. 


To  ibow  the  induction  of  electricity  in  this  case,  bring  the  electrified 
plate  of  the  clectrophorus  near  to  one  extremity  D  of  the  poker,  but  not 
so  nov  as  to  transmit  a  spark  ;  then  a  spark  of  positive  electricity  may 
be  noeiTed  from  the  opposite  extremity  C. 

The  tim-fbU  needle  electroscope,  —  In  order  to  render  the  law  of  induc- 
tioa  more  apparent,  construct  an  electroscope  A  V  J.  (Sec  Fig.  17.) 
Take  a  strip  of  card  [Mipcr  A  V  li  alxmt  six  inche^^  long,  and  half  an 
iarh  wide ;  attach  narrow  strips  of  tin  foil  to  the  cxtn^mities  of  the  card 
ptpett  fay  means  of  insulating  knob*  of  senling  wax,  and  balance  the 
card  piqpcr,  on  a  small  indentation  made  at  its  centre,  on  the  point  P  of 
a  pin  paMcd  throtigh  a  cork  and  pinned  on  the  top  of  a  wine  gla.<8  J. 
IVith  the  view  of  adjusting  the  bala'iro,  two  small  rinp*  of  Indian  rub- 
ber are  placed  on  the  card,  one  on  earh  sidi*.  'Iliis  will  form  a  delicate 
dectroacope,  which  may  he  us«l  in  conducting  some  interesting  cxperi- 
mentc  hereafter  to  be  dcAcrilvrl. 

Bring  the  strip  of  tin  foil,  of  this  electroseopo.  near  to  the  one  extrem- 
ity of  the  poker,  (see  Fig.  17,)  and  then  |}ring  the  insulated  plate  of 
the  elcctrasc-ope  near  to  the  other  extremity,  and  the  needle  will  Iw  do- 
flef.-ted.  the  tin  foil  bang  electrifi<'d  T^-ith  positive  electricity  :  touch  the 
extremity  C  with  the  finger,  then  take  away  the  plate  of  the  clcctn)phi>- 
rus.  and  the  needle  of  the  electroscope  will  return  to  its  first  position ; 
for  the  poker  will  be  left  in  a  negative  Ptato  of  electricity,  while  the  tin 
foil  of  the  eIectro<tcope  will  be  in  a  positive  state ;  and  fo  on  to  other 
experiments  of  this  kind,  illustrating  the  great  law  of  electrical  induction* 
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of  imhiriion.  —  Plttua  a  onaB  tta  Wcj  1 
7  wine  glua  J,  uid  u|iiai  tliis  traj^  pLuv  (be  ductnacope  just  d 
thown  in  Fig.  18 ;  clarge  Uu  tn  tr«j  T  wili  powtite  dcetndir,  ^ 


-^m 


of  the  elpptrophoniB,  dcscribod  at  page  i30;  thai,  t 
Cn  (btl  C  B  is  isculatol  \rf  the  nction  of  inductiin.  the  luwa  rainmitf 
^  »t11  be  negative,  While  the  uiip<T  estremity  B  it  pottthe.  Toidl  llw 
»pp(T  eitremitjf  B  of  Ihe  tiu  foil  C  B,  and  it  will  n 
i^jstiTc  devtridt)' ;  now  bring  the  hand  ov«  the  iniy,  nwr  to  die  «»• 
iiity  C  of  the  tin  foil,  nnd  it  will  be  instantly  reppUtd,  giving  tkc 
ippeMwice  of  the  hnnd  na  Uint;  nrguively  doctdlinlt  which,  in  bet,  it 
WaLy  ia  from  the  induclion  of  the  tmy  T. 

To  aketrify  a  tin  platt,  eithtr  lu-ptitivelf  or  poiiUvtlg,  by  mtatu  if  (I 
rfcrfnipAonu. — (1.)  Place  the  tin 
date  A  ujon  a  dt]-  nine  gloHh  (Ke 
?lg.  19 ; )  charge  the  pluto  H  of  the 
llattniphoiuB  pceitivuly.  lAer  the 

ochef  dMcribed  at  piise  220,  and 

Ing  it  ntnr  to  the  in>^u1ali.<d  plnte 

,  (wilhnut  allnwitig  a  ipoik   to 

M  from  the  oiii'  to  the  niher  i) 

neh  Ihn  plate  A.  oud  a  spatV  nf 

wMra  deelrioity  will  tie  received 

m   the  inductive  action   of  the 

Mo  II  i  fiivt  take  away  the  knnC' 

C  and  then  take  awny  the  pUte 

,  and  the  plate  A   will   Temdn  fl 

miwd  wldi  nfjiaift  electridty. 

(S.^  To  aleetrify  the  iiutiilntrd  tilntr  A  poailindy,  b 

w  charged  t<l'>te  U  uf  thr  eltcUDiilxmii. 


i 


'.  ,iMM  ftr  .'.-.namfbalU.  —  l'M  ■  fi-*  Kmall  piih   Imllj 
..■  liiuig  the  ol«f  riHul  iilatp  li  iiTti  tli.-m,  a 
.  "ill  aiipciu  tij  Jutni)  u|j  and  donii. 
-  I'lrm adniip wioe 
■  Ti!^,  20)  niHir  to  Iht" 
I-  A  ,  iuyjiaid  a  email  tuiM 
s  bottun  D  bom  a  liiy  oik  llireod 
gUffi  and  iLu  plnle;  clcu- 
1^  time  the  plate  A  by 
u  of  lite  dectinplianu;  and  tbi'  Ijalt 
~U  odllate  betwtea  Ibe  plate  and 
h,  ihariiy  producing  a  tinkling 

w  tiKtrieal  pauAAim.  —  This  instrument  is  reinsBented  in  Fi(r.  21. 
B  IM  tuo  insulated  plates  ;  tlic  oiiu  is  tliarged  with  poeitive,  and 
*  with  negative  dectiidt)' ;  EYisa  utrip  of  card  paper,  haTing 


liT 


Fig.  ai. 


n  P  pwwd  llirtragh  it,  nnd  b  piece  of  pith  E  attached  to  its  upper 

tximullT  by  maun  at  an  inmilallng  knobof  realing  n-ax  ;  the  jnn  P  of 
0*  pmduluin  E  F  i«  sujiponnl  on  the  edges  of  two  wine  gliuscs,  which 
Kv  DM  aliflwn^in  the  cut  The  apparatus  is  adjusted  h>  as  tu  allow  the 
bvalaiu]  jilth  E  to  iKcillntc  between  the  edgra  of  the  platee  A  and  B. 
k  the  »icw  of  MiuiinH;  the  lower  ejrtiwnity  F  to  preponderate,  a  (mall 
B  of  Indian  rubbtr  ia  placed  on  thi^  portion  P  E  of  the  p«n- 


if  appnrntu*  is  rqv      . *"-■■ 

i  m  Fie.  2-1.    Hne  the      —;;^ 

A  E  F  of  the  appnmitis  -^ 

1  i*  niirportnl  in  a 
D  In  The  man- 
|.4w3{h>d:  the  pith  f*9 

\  <Mnl1al» 
Vdecttiflod  plate  A  and  a  i^>uuluc(oc  D> 


2; 
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mUKNTAL   PRILW 


''ale')  cleetrieaJ  rrfotcfr.  —  lliis  ■impli'  ami  iiitererting  peee  of  «| 
18  i»  nrprcHninl  in  Fig.  33.   P  ant]  E  arc  twu  inmlaKt]  plitcs  Elut|«l 
vritb  iMcrent  kiniU  of  dcvtricity,  (out  p.  223  0  A  8  J  ia  ttw  tfn  U    i 
ekcIncGopc,  discribnl  at  pngu  221,  pkued  bLtween  tiw  eleotnllMl  |il«la 

t'Tt 
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£  rud  F,  BO  that  the  lower  cxtrcmidcs  (tf  Ihe  strip*  of  tin  bfl  n 
toudt  the  plates  E  nnd  F.  When  Ibc  pious  are  elecBiScd,  tl 
needle  A  B  rapidly  revolve;  upon  iu  centre  P ;  the  platis  obvg 
iniulatcd  strijis  af  tin  fail  as  they  puss  tbno.  m  ihu  the  plnc«  a 
the  strips  of  tin  foil  nhcn  tliey  ore  on  oiio  side,  nnd  repr.l  them  wha 
they  ue  on  the  other  eidc.  Thi.'  vhargc  uf  (be  plates  muKi  he  bom  lltne  to 
'  time  renewed.  The  aetiaii  of  the  injinimeut  it  improvnl  by  pL 
conducting  knob  Q  inidway  between  the  two  plate«  E  uid  T,  ■ 
discihiige  the  electricity  of  the  strips,  as  thtiy  pa«  the  conductijis  bulk 
All  the  nppnmiuH  we  have  hithertn  denciihod  nuty  bo  easily  eoiMnu^ 
id,  at  a  very  ainiill  cost,  by  any  pcnon  of  ardinory  akiU  and  ["ttmiTf. 

KLKCTBICAL    UACHIBIlia. 

12.  Electrical  tnaihiiios  ore  unci]  for  generating  oleulririljr 
by  friction  on  a  large  scale.  They  cun^ii't  of  flirec  Inadlng. 
jMns.  The  rubber  is  a  totl  Kair  cuxhioii,  covered  wiih  loaUift 
or  with  *oine  substance  wliich  i-oailily  generates  eti-i^trid^  by 
friutiiin.  The  body  on  which  the  rubber  acta  is  eiiher  ag 
ejfiinder  or  a  cirfular  glau  plaOt,  which  tuiTiii  upon  so  ■ 
riia  receiver  of  Ilie  eli^triciiy  is  cnllod  the  prim*  rondtuHorf 
El  is  a  Ihiii  brass  cyliiitliT,  nr  a  In-ass  roi],  uoiinteil  on  r  ^^ 
pillar,  or  some  inaiibilins  maieiiaL  The  neiion  of  sn  «(u|rf> 
nl  machine  is  simply  ihis:  rlie  gtass  cyliniler.  or  itio  p}am 
[tliilp.  Ha  tli«  cn^e  mity  tin,  upon  being  ttinirii,  riilu  ai^iinM  ti 
Qsldon,  and  thereby  gunerntn  clcetricily  upon  the  t 
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I,  whicb  is  contiDDiill)'  carried  rouiiil  lo  the  prime 
7lr  romnii>n  Cylindrical  Mm-hiiie. 


%.  M  n-preniii*  an  ehwtii- 

le  of  lliis  kind.    'Vhr  i^liiM 

\.  B.  which  retu  on  BO 

ig  Ihmr^  C,  i»  mode  to 

imJn  bgr  ineuu  of  Ihc  nhec In  C 

Eld  D  cncuMctfd  b;  ■  biuid,  the 

nhod  D  being  tumnl  bj  mean'  of 

the  huxllr  K;  thectiihioii  Hinbich 

nil«  ■^■itHl  the  cylinder,  U  miiiiiit- 

nAMD  •  gliuB  pQlar  I,  which  ahdra 

fa  ■  fpaatt  al  Ihe  font,  fct  the  pur  ''^'  "• 

•  tf  a^jutting tJif  preHuie  upoo  the  cylindcri  tlic  chain  GL  cnn- 
»  Ibe  onahicok  nith  the  ground ;  a  flap  B  nt  vunishpd  silk  ihhm 
OTPT  the  cylinder,  fiir  the  purpose  of  ■prcvrating  the 
•  at  tbe  elecuidlj  inio  the  air :  the  prime  cunduvtni  M  N,  nunint- 
n  die  gU»  pHlar  O  P,  liaa  a  raw  of  points  projcctini;  from  iho  ex- 
i  coroing  nEorly  in  contart  with  the  fiirfncc  of  the  glm 
A>  glan  is  liable  lo  collect  moixiure  on  its  surfitce,  it  is  lunial 
vail  the  iiuulnting  pillais,  m  itgU  as  all  tlinsc  ports  of  the  cflin- 
b  iId  not  louch  the  rutJuon,  with  a  coioing  of  vomish,  which 
•r  bnulating  property  Ihon  glosj^ 
^  Si  lliowi  thp  conKrtiFtiQn  n(  the  cushion  ;  where  H  B 

I  an  adjusting  tprin;  flxM  liehind  it.  tat 
g  h  ccntiiiuaijy  pn»ed  aguintt  thi^  tyliiidcr  {  K  Ihe 
■  haobk  or  ball,  for  atlauhini;  ihp  rhaiii. 
t.  34  abaws  the  tbrm  of  the  row  of  points  attnthed  t 
tlv  |ainu'  ocoductor. 

Wbd  iho  cylinder  is  tinned  Knind  by  the  hanJle  H,  pCH- 
iti*c  dairkily  is  gpnerated  on  tlw  sur&CG  of  the  cylindfr, 
dd  nq;3ltT*  deOlicily  on  the  ciuhinn.  The  latter  is  csr- 
Tud  oB  by  the  chain  lo  the  grtmnil.  The  poailiTe  cUvtri- 
iity  {■  canicd  njaaA  to  thr  pirinls  of  tlie  [irime  condnctac, 
'bar  it  acts  by  iniiAian  on  Ihe  natural  electricity  In  the 
fjoAae^a  —  ilwl  is.  by  altnvline  the  nrgatiTe  fluid,  and 
!<pcilnie  the  poHtitc  The  nugatli-c  fluid,  cscspbg  by  the 
ji'tat*.  narilia  villi  the  poitiTc  fluid  on  the  cylindei.  and 
ihiiih)  oatMf*  Iho  (UiikKe  aS  tlic  cyBndiT  to  iu  natund 

tM  tlMrt  shon  ii  itriTB  BKsin  at  the  ruhlxz  it  is  prc- 
fa  aaotlux  chiugii  of  pMitire  fli 


o 


Fig.U. 


t 
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thr  pnme  conductor  is  left  cllfirvnl  witll  pontlTC  cicctridtf.    A«end> 
fag  to  Ihis  theory,  the  negstiie  electricity  of  the  canductor  i* 
tuiualljr  pasdng  off  by  Ihe  vluiiii  nttArhcd  to  (he  cuihlnn,  vbidl 
rtanllj-  Icefps  the  conductot   chHtgcd   with   pndtivc  dottridtr. 
detaching  the  chain  6oin  the  cushion,  ond  pl»ang  il  on  the  prime 

L   ductor,  we  ore  able  to  charge  tho  cushion  with  negatrre  docnicity. 
With,  the  \iBw  of  inciuaaing  the  efficiency  of  the  machina,  the  i 
on  is  coveted  with  an  BniDlgam  of  one  nod  tio.    Aixni^ng  to  8ilipr« 

'  tlie  beet  compaction  of  the  Bmalf^iuii  is  two  paru  by  wdghi  of  ttac,  a 
of  tin,  and  six  of  mercuty.  The  menmry  is  added  to  the  ciLxtw* 
the  one  and  tin  when  in  a  fluid  atatc,  and  the  whole  ti  tlicn  tfiafcwi 
a  wooden  box  until  it  is  cold ;  it  is  then  reduced  to  n  powder,  anit  nib 
with  a  sufficient  quantity  of  lani  to  reduce  it  to  the  conuslcncy  ci(|m 
A  thin  cuatiDg  of  tlus  pa.<ite  is  spread  over  the  cushion :  but  Wbn  ( 
is  done,  all  the  parta  of  Oie  machine  ehuuld  be-  rocvfully  chMJiMTl 
wanned.  Block  spots  and  lines  arc  readily  taken  fhnc  the  {Jus  lif  i 
plyint;  a  rag  dipped  in  spirits  of  uine;  and  tlic  efilciency  of  the  niadll 
in  Krmtly  promoled  by  npjilying  niih  the  hand  a  [nciic  oif  loUhor  oi 
ered  with  amalgam  to  the  tjUiidci. 


The 


Plate  Machine. 


14.  Fig.  27  reprcBentfl  a  maehine  of  this 

kind.     A  B   is   s  circular  plate  of  ghoB. 

turning  on  a  horizontal  axis  C  by  nteans  of 

the  winch  or  handle  I)  ;  the  plate  is  eia- 

bntced  at  E  by  two  eusMona.  the  pTcatuK' 
f  of  which  is  adjusted  by  screws  ;  two  aau- 

Inr  ouahione  are  plared  at  K' ;  flaps,  pn>- 

dmling  from  the  ciuhiona,  cover  the  glaa 

at  the  ipoco  shown  in  the  figure  to  about 

half  an  inch  from  the  points  on  each  side 

of  thr  conductor ;  thv  oonductor  F  O  M  F 

b  *  miibU  bnus  tube,  or  cylinder,  beat  so  as 

to  miit  the  plate,  and  siipporled  by  a  glass  nid  I"  M  attarhKl  la  th 

tipright  frame  E ;  F  Q,  ruuning  panllel  to  llii*  snrfiic«  of  tha  plu^  ' 

that  port  of  the  conductor  which  caniH  the  jHiiiitH,  and  a  idtnUar  haU 

branch  with  points  iii  formed  nl  P.    VTbeu  ili^j^ndle  II  is  tinliMl  ta 
L   ihr  dirrttion  of  the  arrow,  the  cushions  at  the  tnp,  ha  wvll  w>  llioir  al  "' 
1  Iwttom,  generite  plretririty  ;  the  points  at  P  rvtrivc  the  pliitritjly  f 
I  mud  by  the  cushion  K,  whiht  Ihiw  at  P  O  tmdve  tJin  .iKtridty  k 
f  vatrd  by  7,'.     In  order  to  pirvpnt  the  ^■apo  ot  i^u'trieity,  all 
'  extliuiiiti>»  of  llU'  njiiiluiVor  me  lemiinuted  in  LraJ«  tu)Jhi  oi  gluba.   ' 
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{■inc^ife  tm  wliieh  tliu  machine  acts  is  preciwly  the  Bamc  at  ihnt  of  the 
cmmon  cjlindiicil  msclune.  Thia  machiiic  U  more  poweiful  tluui  the 
eyfindneal  one ;  but  the  ditficulty  of  insulating  the  rubUis,  so  ut  to 
obtain  the  ocgative  fluid,  a  ceituiily  an  atjjection  to  it. 

n«  Batrkm  phle  Machint,  rcprc- 
iHit«d  in  Fig.  28,  fuUy  lemcdiei  thii 
^IfBflii-y  in  the  conunoD  plate  mo- 
ohine.  The  gloai  plate  is  fixed  to  the 
nus  D  i  the  two  cushions  ore  insulated 
ttt  gl^  lillars  E  and  F ;  C  11  C  if  the 
be&t  aim  of  the  piime  conduutor,  armed 
^th  pcints,  and  intulatcd  on  thu  gloss 
pillar  Q ;  in  order  to  connect  the  cunfa- 
•Dm  irith  (he  ground,  there  in  a  bent 
OT  nemiciTculaT  eonductor,  siiniliu'  to 
C  B  C,  jvoccediiig  from  the  uis  at 


1  it  b  TOquircd  to  charge  tho  Fig.  28. 

r  B  with  n^ative  clcctriiitj, 
the  MKUcireuloT  rod  C  It  C  is  moved  into  a  horizontal  podtion,  thctvbjr 
bringing  the  points  opposite  to  the  two  cu»liioiu ;  at  the  suinc  time  tlia 
other  acmicircular  lud,  on  the  opposite  side  of  the  plnte,  is  moved  niund 
into  a  Tiatical  pnntion,  thcrel)y  tninging  its  pointH  at  the  toii  und  bottom 
parB  of  the  plate. 

Tig.  29  nproMmta  another  ftnn  of  the  plate  machine ;  where  C  is  the 
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jinime  conductor,  mounted  cot  tlic  glass  jillAr  E;  Q  Q  tiie  gins  plmte; 
9  the  winch;  B  R  the  cushions ;  BB'  the  flaps,  ftc.;  E  ■  quadnnt  eloo- 
tromctci  uucrted  in  the  conductor,  to  cU^dmine  the  quantity  of  sleo- 
tiicity  with  wliich  it  nay  be  dtachargcd ;  and  aa,  b  b  an  a^iannw  tua> 
peuded  &om  tlie  cooductoi  to  illuMiate  the  pdndple  of  electdcal  rtOae- 
tion  and  rcpulnion. 


APPENDAGES   TO   ELECTRICAL   VACHINEa. 

1-5.  The  imuta/iuy  ttoat.  rrprcHentod 
in  Tig.  M,  MUiidnts  uf  a  booid  of  hard, 
wull-buki'd  wood,  iiup]xirt«I  on  glass 
logs  cuvcn.'d  with  Taniish.  It  is  tucfiil 
for  insulating  any  body  chat}-«l  with 
electricity ;  ftr  instance,  a  person  may 
Etuiid  upon  the  stool  and  become  chained  Fig.  30. 

w  ith  electricity,  upon  being  put  in  con- 
nection with  the  prime  conductor  of  the  dcctrical  maclune. 

Discharging  rod*  nre  lirais  rods  terminating  with  bollii,  or  with  pointa 
fixed  to  gloss  handles.  With  these  rods,  electlidty  may  be  talun  from 
a  c<inductor  witltout  allowing  the  ulcctricol  charge  to  pass  through  tbe 
body  of  the  o^icrator. 

Fig.  3 1  represents  a  common  discharger ;  where  A  is  the  glau  Ii^hiIIp, 
C  G  D  the  brass  rod,  C  and  D  the  balls. 


Fij;.  S2  TVprcBcntu  a  doublc-hiuiillcd  jointed  diachorger ;  where  K  and 
n  are  the  gliw  handles,  G  the  Joint,  ftc. 

TheLegdcnjar  cousiiHsof  a  glou  cylinder,  w  widc-mcnitbod  bottfe  T, 
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(see  Fig.  31,)  both  rorfecea  of  which  are  coated  ^^-ith  tin  foil  up  to  about 
three  inchcv  of  the  top.  ITie  coating  of  tin  foil  on  the  outside  of  the 
boRle  w  caUcd  the  outer  coating ;  the  other,  on  the  inside,  is  called  the 
inner  coating.  Electricity  is  transmitted  to  this  coating  by  means  of  a 
metal  rod  K  a,  terminated  at  the  upper  extremity  by  a  knob  Iv,  luul  at 
the  lower  extreniit\'  by  a  chain  whiclt comes  into  contjict  with  the  inner 
ooating  of  the  jar.  The  rod  is  fixed  by  passing  tightly  through  a  wooden 
pluL;,  which  fits  firmly  into  the  ne<'k  of  the  jar.  ITiose  p)rtions  of  the 
glaifs  which  are  not  coated  with  the  tin  foil  are  covered  over  with  a  thick 
ooating  of  M-ax,  to  prevent  a  reunion  between  the  electricity  of  the  outer 
ooating  and  that  of  the  inner  coating.  When  the  jar  is  to  Ix)  charged,  it 
B  held  ill  thu  lumd  by  the  outer  coating,  and  the  knob  K  is  brought  near 
to  the  ionductor  of  the  electrical  maeliine.  WhUe  spark  after  spark  of 
positive  electricity  enters  the  jar,  tlie  l)o^itive  electricity,  on  the  priucii)le 
of  induction,  is  driven  off  from  the  outer  coating ;  so  that  while  the 
ixmcT  coating  becomes  charged  with  pa*dtive  electricity,  the  outer  coating 
becomes  charged  with  negative  electricity  in  a  manner  wliich  wUl  be 
hereafter  more  fully  explained.  "When  the  jar  is  to  be  discharged,  the 
operator,  holding  the  <Uscharging  rod  by  the  glass  liandle  A,  brings  one 
knob  C  in  contact  with  the  outer  coating,  and  then  gradi'.ally  brings  the 
other  knob  D  near  to  the  knob  K  of  the  jar ;  the  reunion  of  the  two 
fluids  (the  positive  from  the  inner  coating,  and  the  negative  from  the 
oottT  coating)  takes  place  between  the  two  knobs  D  and  K  Tilth  a  bright 
spark  and  a  hzui]iping  noise. 

The  unicersal  discharge,    represented  in  Fig.  33,  consists  of  a  dr)'  deal, 


Fig.  33. 


on  which  two  glass  pillars  A  and  B  are  fixed  ;  two  brass  rods  a  b  and 
a  6,  cupalile  of  turning,  on  a  ball  and  socket  joint,  in  any  din-clion,  and 
a]*rj  capable  of  f^liding  in  the  top  IwiUs ;  tlie  knol>s  a  a  are  ajiiOii-il  to  a 
wroden  table  /,  which  admits  r)f  Iwing  raided  or  diT^re^sfd  by  means  of 
an  adjatting  screw  r  ;  a  narrow  strip  of  ivon,-  is  inlaid  across  the  table  ; 
the  knoT«  a  a  may  be  screwe<l  off.  and  replaced  by  points  or  by  forcq)R. 
Thi*  piece  of  a])paratuH  is  much  used  for  passing  strong  charges  of  elec- 
tiicitj  through  any  subftanoe. 

20 
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jfRg  iriw',  iM*i'i  ti^wMi  (lui  wiuUui.tnr  and  your  lutnd,  which  produiiB 
Igghlljr  pcunflll  •nualiijit ;  Uii*  Ix  ihe  (.'kclhc  gporiE. 
A  ipvTt  will  ■»  iiBunuuicaictI  la  any  couducUir.    Hold  a  adck  at 
J  otiier  Doo-aundui.'tar,  In  the  piiiae  cauducttn :  no 
k  will  ba  ncttniL 

,    Va  (he  ciuadiant  decRomeler  cm  the  prime  conduttoi ;  work 
•e  to  what  height  the  pth  ball  ia  tepell«l.     UiM 
if  ■  KuriB);  iiuedlo  niiir  le  the  UHiductor ;  the  pth  toll  of  the 
■  iadautlf  lUb.     Take  sparks  fnai  the  craiducim' :  the  [nth 
I  Ok  itunaut  (ach  spaii,  it  taken. 
,   IjA  a  boy  itond  on  the  msulaciiig  stool,  nnd  M  him  place  one 
n  the  prime  conductor;  woik  the  miu-'hine ;  lake  ^larka 
:  toe  how  he  ainccs  from  tlic  smarting  lensition  they 
J  Hhsi  taken  through  hi»  clothes  t     (See  Fig.  35.) 
■  Qltttge  ■  Ijcydeu  jar  toSj,  and  discharge  it  with  the  jmnted 
f  tod  :  MB  whut  B  vivid  )^iark  it  gireH  i 
iha  Lejdcii  jot  I,  with  about  half  a  do^en  uparke  i)  ^rasp  the 
K  with  oav  hmid,  and  touch  the  knob  with  the  other.    The 
n  jwMiig  through  your  body,  gires  you  what  ia  called  an 

Let  a  {>^  hays  Ibrm  a  rin^  by  taking  hold  of  cifh  othcr'e  hands :  let 
the  Knt  toy  io  the  ring  igtasp  the  outer  coaling  of  the  cha^ixl  jar,  and 
tti  the  last  bojr  UMich  the  knub  :  instantoucoualy  nil  the  boye  in  the  ring 


iXCCTBIUJL    ATTRACTION    AND    REPin.ai01t. 

17.  TTiia  Mibjccl  has  l-ctn  fully  esyilainf^i  in  Ilie  prelimi- 
nary  purlUwi  of  tlus  work,  in  relation  to  a  nmuiruiis  cliias  of 
BDiple  wtiwriniBilal  Isicta.  But  ihe  eleclri<-td  nituliiui!  Piia- 
Ur*  ti»  W  esdiEliit  llio  vaiiotis  {ih^Doaie^or  electrical  altrac- 
tifw  atid  n-|tul*ioi>  in  tlio  wwt  striking  manner. 

•■-'■-   „f  tlrftrilM  thrwlt. —Take  a  (Arin  of  lircm 

■  -  than  toprthiT  at  ««th  tjid.  atupnid  them  ftom 

rhu  machine.     When  the  Uiindle  uf  llic  machine 

lU  fanoiui'  olwtrificd.  and  will  rcpd  aith  other, 

I  not  in  the  middle,  forming  a  lii^uic  restmUing 

.:lQhe. 

,r.(  l^md  Iff  Awr.  —  Fix  a  dnll*  head  of  hoii  in 

iiafc  th«  niachlnts  «uJ  the  luiin  will  appror  to 

•lit  d  ira  .Til!.  fi'Hii   thar  mutual  ropiihion,  pnseiitjiig  an  exngtrcratwl 
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Present  a  pointed  rod  to  the  hairsi  and  they  will  immcdiiitely  eol- 
lapse. 

A  bunch  of  large,  downy  feathers,  inserted  into  the  hole  of  the  prime 
conductor,  >vill  present  a  similar  appearance. 

Exp.  3.  The  electrical  dance.  —  In  this  experiment,  a  metal  plate  ii 
suspended  by  a  chain  from,  the  prime  conductor ;  a  few  inches  below  this 
plate  another  plate  is  placed  in  connection  with  the  earth ;  and  some 
light  figures  arc  placed  upon  the  bottom  plate,  as  shown  in  Fig.  36. 
When  the  mnchinc  is  worked,  the  figures  appear  to  dance,  or  to  jump  up 
and  down,  from  the  one  plate  to  the  other,  in  a  very  grotesque  manner. 


**  C    -v     >rf  ,.  « -ij 


Fig.  36. 


Fig.  37. 


F.xp.  4.  The  dancing  haJh.  —  Here  a  number  of  cork  or  pith  baUs  are 
placed  upon  a  metal  disk  P  (Fig.  37)  communicating  with  the  ground, 
and  tlie  whole  of  them  are  covered  with  the  gloss  bell  B,  whose  upper 
])art  is  oxx?n,  and  provided  with  a  collar  of  leather,  through  which  a  rod 
K  I)  pusses,  carrj'ing  at  its  lower  extremity  a  metal  disk  D.  By  this 
construction,  the  upper ^k  D  can  be  placed  at  any  convenient  distance 
fr<ini  th(?  lower  disk  P.  The  ring  R  of  the  rod  is  put  in  communicatinn 
with  the  prime  conductor,  so  that,  when  the  machine  is  worked,  the  balls 
aro  attracted  by  the  plate  D,  and  then  repelled  from  it,  being  charged 
with  jxjsitive  electricity  ;  now,  when  they  touch  the  bottom  plate  P,  the 
electricity  is  taken  from  them,  and  they  arc  thus  prepared  to  be  again 
attracted  by  the  plate  D,  and  so  on. 

We  may  make  tliis  experiment  in  a  more  simple  manner  by  using  s 
glass  tumhlfT,  (Fig.  38,)  whose  interior  surface  has  been  electrified  by 
touching  its  different  parts  with  the  pointed  extremity  of  a  metal  rod 
fix(Kl  in  the  conductor  of  an  electrical  machine  in  action.  The  glass  is 
then  inverted  upon  a  table,  over  a  lot  of  pith  balls ;  the  balla  inunediatelj 


bcsin  to  danc«,  brine  sltpmntrly  nttmclM  anil  T<Ti«'llcd  by  the  electric 
iluiii  UQ  tlie  iiilouir  DurfucL-  of  thu  (jUuss,  lu  nliuwii  in  I'ig.  SS. 


Fi9.X. 


Eip.  6.  Tht  tltetrieal  beD».  — The  iJtematc  attractiaii  and  repulncm 
of  electrified  bodies  a  bcautifullj  illustiatGd  in  thi>  piece  of  sppantiu, 
wbich  is  of  lomc  importance,  inaamuch  as  it  is  frequcntlf  employed  in 
tropica]  countries  to  detect  the  presence  of  an  clcctritied  cloud.  A  glosa 
pUu-  suppurts  two  metul  rodti,  A  B  and  C  D,  ^m  which  four  bells 
A'  B'  C  IJ',  vc  suHpendcd  by  thains.  A  centnd  brll  O,  at  the  foot  of 
the  g1iu8  pillar  E  F,  ia  pbccd  on  the  v-ooden  ptund  K ;  a  chain  G  E 
ecnaecta  this  bcU  with  the  ground.  From  the  cxtreimtics  of  the  Tods 
A  &  and  C  D,  four  nmall  bran  balls  H  II  are  Nu»iiKTidcd  by  mlkcn 
thnads.  Wbcn  the  machine  ib  in  action,  tho  crww  rods  an  put  in  con- 
Bcctioa  with  the  prime  conductor,  uid  the  four  Iwlls  A'  U'  C  D'  become 
ehnrgiil  with  clcetTi<ity,  and  cnn-miAimtly  attract  and  repel  the  insuliit- 
cd  baQt  H  H.  \\licn  the  halls  U  11  arc  iciiflli-d,  tht^  strike  the  bell 
(i.  111  whL'h  ihiy  ^ve  up  the  electtiiity  they  mi'iTcd  from  the  electri- 
fied belK  and  tlii*  cltitriiiiy  is  cairied  olf  by  the  chiiiu  G  K.  Tlio 
tinkling  QoiM  thus  pnHlneitl  will  continue  itO  lim^  aa  electricity  is  sup- 

jii«i  to  the  vu-  A'  11'  c  n . 

Fig.  40  tt^nwcntH  a  simpUr  apparatus  of  thi» 
kind,  where  tlie  bells  arc  hunt;  Iroiu  abraw  rod  A  B, 
which  inarbc*ii!^iii.-ndcd  from  the  prime  i-otiductn 
In  this  form  of  the  appuratut.  the  central  licll 
■uspenilK)  by  a  nlki'n  tbniul.  anil  i"  ciinni-ettil  with 
the  ground  iiT  mi^niH  of  tlx:  ch.iiii  ( i  K. 

Bip.&.    The  cktlri'-al ti-n.i.r.~-\-iaf  c,m.-^st- 
■  uall  atrip  lA  wood  (ncc  Fi^.  41)  nliout  a  loot 
long,  cornnl  with  tin  Kul,  and  inKuIatul  on  c  Uko  a 


Fig.  40. 
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a  tlte  ode  a,  wtin^  it 


Fig.il. 


A  elighl  propnndernnw  is  given  to  il 
R  metal  btH  ni  aclhc  top  of  a  linin  wire ;  p 
it  an  iuelilaled  luelal  hall.  The  hall  p  is  caa-  ^ 
nected  Ssith  the  iuteiioT  coating  of  an  deciri- 
cal  JBT,  while  in  it-  ccomccled  with  ita  exterior 
coating.  When  the  jur  in  charged,  the  see- 
wn  motion  will  immediately  be  producod- 
The  rausc  of  this  motion  depends  upon  the 

This  eipCTinicJit  will  anceecd  quite  ae  well  by  drnply  c< 
hnlT  p  with  the  prime  conductor  of  ihc  machine,  and  llie  bnll  ■• 
the  ground. 

Exp.  7.    Tht  tkdr^fitd  mifir.  —  Here  a  little  awtal  bucket  B.  fa 
a  snutll  bolD  in   ite  botwra,  a  sus- 
pended from  the  prime  coiiduetor  of 
the  electric*!  maehine.    The  hole  in 
the  bucket  is  bo  Hinall  that  tlie  water 
mod}'  falln  fmm  it  in  drops  when  the 
machine  is  rntt  in  actioD ;  but  whtTik 
the  machine  b  workwl,  the  w 
from  the  hob  in  a  continuous  stream, 
owing  to  the  rcpnUion  which  tukea  '' 
place  nmrnigsl  the  pnrtitlcs  of  the 
dectrificd  water. 

The  same  cxpcriincnl  may  be  po- 
fbnned  by  iiucrling  a  siphan  D  C. 
luviiig  n  "nnoll  born. 


Fi9.  «. 


T.  ns  shown  in  Fig,  12. 

niilor  rtfcct  would  lie  jirmlured  by  suspending  a  sponge,  * 
with  water,  from  Ihc  prime  conduetor  of  Ihr  raathine. 

Erji.  B.    Eteelri^d  Haling  war.  —  Ignite  the  cHrpmity  of  a 
•eating  wax.  and  when  it  ii  in  a  foU  state  of  Aiiuon,  blow  out  tha  A 
and  hriniE  the  molted  wax  near  to  the  prime  conducioT  of  the  n 
tUimraviiB  tine  lllarocnis  of  wax  will  fly  to  the  conductor,  and  « 
I)B«Ioit,  fbrmiitg  upon  it  a  sort  of  network  like  wooL    This  i«  a 
easo  of  electrical  nttraciiDn.    The  experiment  will  nioceed  bat  tf'l 
■mall  piece  of  wax  in  nitnched  to  the  end  of  a  metal  md, 

£171.  9.  Thr  eierlricol  lining  conaista  of  a  light  figure  placed  « 
awing  formed  by  a  silk  thread.  The  light  Ggure  swincH  betwse 
ballif,  one  of  which  is  insulated  and  put  in  cotmii'tion  widi  the  p 
conductor,  the  oth?r  boll  being  put  in  coIlne^'>iI'll  wifh  the  fjoatiA.  ' 
pin^de  of  this  apparatus  is  the  rame  aa  th.it  of  ibv  electrical  ■■ 

£iji.  10.    Tht  »b'1neat  nam.  —  In  this  rxiK-riniLTit  a  light  jieoa  N 
cork,  or  any  otlit*  ll|i1il  nib>iancc  cut  in  the  tJiapt!  of  a 
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r  j.hcfj  iijioii  the  insiilddii  irtcxil.  Tlin  waliT 
iL  «hi<li  pusses  (nun  it  lu  Uie  joHiUf  tun- 
.  will  opproarh  auy  nori-cltlclrillni  sub- 


>lI1, 


ri  .■  cork  ehould  he  firal 
m  » ;utx.  to  lender  It  a  um- 

■.lettfiMl  iptdar.  —  An  elnrtricnl  jor 

laD  i  frmncctod  with  iu  oxtrhor  «>acuig. 

c  jw  ia  charged  with  the  poativc  da^uiurf 

tme  coniiucUir.  UIV  liglit  9ul»l(uliv.  inch  as 

linn  □!'  B  fiiilcr.  tu.'pmided  between  the 

«,  mU  uacilUlc  bccwcvn  Uiiou. 


:^ 


LPMrNOUS   EFFECTS  OF   KI.ECTRICITY, 


1&  y^rn  ihe  knui-kle.  or  a  l>ra'>^  WI  al  llie  i-nil  of  a  rod, 

itrd  ti>  (he  conducior  of  a  oiucUiiie  in  fiill  action,  a 

I   produced  by 

« |MB!Mi|;t>  af  llie  fluid 

I  I  lie  coDductor  to 

knu^kl<-.        Tlie 

r  to  n  lLT<h 

iirhliiiti|j!.     The  IpDgth  and  inleiisity  of  the  spnrk 

.   Uii:   {lonc-r  uf  ilie  machine.     Sjinrka  may  be 

)  (iriioi'  iMiidiiclor  of  a  very  powerful    mu'liiite 

1  of  iwiiilj-  np  ihirJy  inrhi-K.     Wht^n  tha  oonti- 

ictinp  siilixlnnu;.  such  a-  Uti  liiil,  is  brnkftn  at 

i  |Mrt<,  n  Kpitrk  will  li(^  pnidiiii'd  ut  i-vi-ry  place  wlirre 

rondiii.-Iiir  U  brolien.     A  prcai  variutr  of 

ll  «iC[KTiinenU  may  l>t>  ma<l>i  to  illuelratc  ilii^i  [irin(n(ib. 

)t«  tboiild  lio  miidi!  ill  Ui'-  dark. 

■r  inonT'B.  —  )wi*  a  numbnuf  lin   6iil  ipnngio  on 

aqtianaof  an  inoll  ajarti  liuld   Ihu  riliUiii  bj^onu 

d  bdcg  the  vtluo'  nrttr  tg  ()it  priiiu  onijui^lur  j  thv  die- 
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Ijf,  in  ita  pBfflngo  &om  spimgle  to  Bponglr,  will  fimi  ■  houiilAil  1 
I    of  light. 

Ktp,  2.    TTu  tpiral  tvif,  —  Thin  coneixta  uf  two  gloH  tlltoi,  lihaU 
Axit  loagi  one  uf  which  U  iilncod  willilu  thu  uthis.    The  inner  (abc  1 
I    q»nglis  of  tin  fuil  posted  m  in  uuttide  ouiliu^  in  ihe  ixta  ot  •  q>i 
I    Tliv   two     ends     uf     the    tubi«   nre 
moimtal  iritli  bnm  cap*,     lluld  the    ^rri 
tube  by  one  of  the  Iitbh  caps;  opjjjr    *-*^ 
the  otha-  oop  to  the  prime  condnclor ;  'V-  '•6- 

«  hcautifu]    spiral  Btream  of  electric 
light  ffQ]  poK  from  one  end  of  the  tube  to  the  oths'. 
-  A  apirnl  tube,  msde  to  terolve  within  an  electiiBed  hoop  ]mdtic*>  I 
■p]eadid  effect. 

Spangle  of  tin  foil  may  be  piuted  on  (omnum  windan-  glaa  ao  M  > 
pniduce  vsnoua  limunous  devicev^uch  us  geomelTical  figuica,  or  AtK 
words.' 

Exp.  3,  Ignition  of  ipirili  of  mint.  —  Lei  ap 
insulating  stool,  (see  Fig.  35, )  Iny  one  linnd  on  the  priwt  c* 
with  the  other  hand  let  him  hold  a  warm  ttiupuoa  containing  (fdfiu  4 
wine  i  let  soioe  other  pcnan  proicnt  his  knuckle  to  Ilic  epoini,  and  tl 
puuge  of  the  spark  will  cause  the  spairt  to  i^foila 

Eip.  i.  Ignition  of  ether  on  loaler.  —  Poiu  wjtne  w»tor  btu  »  «fa 
ghus,  whose  outer  surtoce  is  peiftctly  dry ;  pour  tame  ether  on  tlv  tt 
of  the  water,  and  connect  the  water,  by  means  of  a  chain,  wilh  1] 
ptttoe  cooductor  of  the  loachiue.  Turn  the  iiLuidlc  uf  the  mw"hitif^  n 
^taenX  your  knuckle,  or  a  nn-iallic  lull,  to  the  surfaui  of  the  ethtf.  n 
the  dBctric  spark  will  ignite  the  ether. 

Erp.  S.    The  ski^rieai  piilnl.  —  The  electric  xporic  will  reajlily  OMl 
a  mixture  of  hydrogen  and  ctimninD  air  to  explode.    Tho  dectiim  |i 
tn),  reprraciitcd   ly  Figi  4i>,  is  commonly 
enipbyed  for  this  iiurpow :  a  is  n  hnue  (uhc,  i 

or  barrel,  open  at  one  end ;  A  is  a  cojiper 
wire,  iosulatol  by  its  being  iiuHXtcd  ii 
irory  lube,  which  puma  through  one  side  of   f 
lh(!  battd,  and  nearly  toucha  the  ini: 
bee  of  the  oppuute  udo.    Bold  the  month  Fig.  id. 

at  the  pistol  over  a  stream  of  hydrogen  gai, 

pnieeciling  from  a  pipe :  after  a  sufBcient  quantity  of  f«>  Im  tnUn 
dose  the  mouth  of  the  pistol  n-ith  a  ciuk  c ;  toku  a  *[ntk  thii<«^  t] 
knob  b,  and  the  cork  will  br  lUwhargcd  with  a  loud  reiiort,  fnM)  ll 
oxplnilan  of  the  ^cas  by  the  powagc  of  tlie  spark  fVuni  thf  rxiitnmtft 


o  their 


s  nirAuv  of  the  bancL    In  urdui  u 


I   doit,  the  oodc  sluuU  be  •itoclul  to  the  pibbil  by  a  luu>(  olnng^  M 
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Ci^  S.    Ifnitum  ^  nmnion  gai. —  Li't  n  iii-rnon,  Etuniling  on  the 

'  ilikd  tUnX,  uiitch  ihc  priiiii'  KiiiiluuUir  ttitll  iiuc  lined,  and  «-ith  thii 

> '  LivUc  nf  Uic  km  &isfet  iif  ibv  utlicr  tuuid  let  Mm  auiHiiiit  u  gpuk 

It*  anl>«  irf  B  gtu  pipt  from  whifh  B  imnvmt  of  gas  u  L«in;  tlis- 

--•■-    'H'I  Ihe  gas  will  be  ignited. 

■■•-.•iif  nitU  a  king  tnuil^  that  bas  juM  been  cxliugiushcd,  new 
■  onducUit,  ai  that  the  apark  pascB  from  the  coitduclor, 
..'-  luoke,  tu  tbecondki  it  U  ivlightcd. 

hPirVKKKNT  rORHS  OF  THK  RLKCTRIC  Lir.HT. 
0.  TIw  iulenshy  ol"  the  dfctric  liglil  dcptnds,  not  otily 
upon  tti<^  dciKity  ol'  tlii;  ucciimululcd  elccincily,  liut  also  upon 
i.i' dcotitj  nii<l  nature  ol'  tliu  gas  thruugb  whicli  tUe  Hpurk 
[•oiagca.  Tliua  tlie  ejiiu-k  U  brigLt  and  shocL  when  it  pua^ea 
3»ii  oirj  but  wbc^Q  it  pass(;s  (liroiigii  riii'efiud  Air  it 
I  (liiru!^f>d,  and  of  u  violet  liii(%  Thi;  rulor  uf  tlie 
M*  mitcb  influt.-nct.'d  liy  tlie  L-ompositiuii  uf  tlio  gna 
h  wiiicti  it  is  iransmitted,  as  well  lua  liy  the  tiuturu  anil 
f  tlw  oonducior.  In  tliis  way  a  great  variety  ol'  sur- 
80d  beacilirul  luminoua  experimentis  may  lie  perrormed. 
TV  lUrtne  lifht  from  pmvu.  —  Place  a  poiHled  lod  in  the 
-inrgcd 

ity.. 

t  light  >rUl  ii 
B  |i<llU  In  llie  form 
Uh.     Trj-  la  lake  a 
niiB  tlic   condnclQT, 
4>  pcilnlfd  rod  U  at- 
fitt. 
id  lb*  pmnl  of  the  rod  towniiln  the  jirime  conductor,  and  a  ilar 
I*  Mm  on  the  pomt. 

'  a  pointril  rod  to  the  in-ulnti'd  ciwhion.  chnrgul  in  thU  rnsa 
f«  EJeutridty,  and  tlip  Bkilrir  Hght  will  he  seen  in  the  fonn 

t  tile  CTuluoa  as  well  as  the  prime  ranductnr,  und  Bttnrb 
~  (S'cach  of  ihem,  »o  thnl  iho  points  tnny  U-  nt  the  di«timLii 
'mb  IhnD  each  'itliir ;  Iben.  upon  workiniE  the  nincliinp. 
tfupon  the  pi'iiii  ottnclied  to  the  prime  tonilitetor. 
U  W  mma  ujion  the  nlhtr  point.  pr»pntiiig  liw  ippeitriiiii* 
ptfNatkdactor  i;avu  uut  il«  alnitridly,  whUu  tlie  cushion  ramvnl  it. 
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Tliese  phenomena  were  at  one  time  considered  as  strong  argumente  in 

£tivor  of  Franklin's  tlieorv  ol'  electricity. 

JCjTji.  2.  rofisaie  of  the  el^i-iric  Uij/U  throwjh  rarefied  air, — Fix  a 
wire,  tcTnilnutod  by  a  brass  bull,  t;  the  pluto  P  of  an  air  pump ;  attach 
a  similar  bull  (by  a  sliding  wire  A  B)  to  the  top  of  the 
receiver  It,  so  us  to  bring  tlie  one  ball  over  the  other,  and 
at  the  diistance  of  about  one  inch  apart.  Connect  the 
outer  ball  B  with  the  ja-ime  conductor,  and  the  bottom 
plate  P  with  the  insulutcd  cushion.  Upon  turning  the 
htindle  of  the  machine,  u  continuous  stream  of  electric 
light  will  pass  from  the  positive  to  the  negative  balL 
AVhile  no  light  Is  exhibited  by  the  jx^itive  IwJl,  a  beauti- 
ful luminoas  atmosphere  entirely  surrounds  tlie  negative 
ball,  gi>'ing  the  iipi)earunce  of  a  fluid  in  the  act  of  pass- 
ing out  of  the  one  ball  and  entering  into  the  other.  By 
alteiing  the  distance  of  the  balls  from  each  other,  diiTer- 
ent  aspects  may  bo  given  to  the  electricral  liglit. 

Kxp.  3.  The  electrical  aurora  borealia.  —  Iiu^tead  of  the  receiver  R  of 
the  last  exi)eriment,  let  a  glass  tuk',  about  twenty  inches  long  and  three 
inchc^  in  diameter,  be  used ;  and  instead  of  the  two  (Usi-hnrcring  IfflUs. 
let  two  iwinta  l)e  substituted.  When  tlie  tul^e  is  exhauste<l  of  air,  and 
the  machine  Is  workt?d  ui  the  daik.  the  whole  length  of  the  tu])o  will  be 
one  sheet  of  vioUi;  red  light ;  if  a  small  j)orti(m  of  air  be  admitt'.-d,  nu- 
merous thishes  will  issue  from  the  jxiints,  and  traverse  the  tul.»e;  whwi  a 
little  more  is  admitted,  these  Hashes  will  appear  to  glide  in  a  scT|xaitine 
manner  down  the  interior  of  the  tulx?.  llie  succession  of  luminous 
plienomena,  in  fact,  l)earfi  a  striking  resemblance  to  the  aurora  lorLtdiis. 

An  aurora  flask t  sold  by  instrument  makenj,  answers  vciy  well  lor 
exhibiting  tluse  ])henomena. 

Exp.  1.  'llie  elwtric  spark  ia  blue  when  transmitted  through  nitrogen. 

Ex  ft.  o,  Passtvjc  of  the  electric  litfht  fhrotujh  the  TornceUian  vavuum, 
—  Seal  a  short  win^  within  one  end  of  a  glass  tul)e  alx)ut  32  inches  long ; 
attach  a  brass  ball  to  tho  external  A.'nd  of  the  wire;  till  a  dry  tube  ynx\i 
merc\iry,  and  invert  it  in  a  cup  of  mercury  ;  a  vacuum  \^*ill  be  formed 
in  the  u])pei-  jjart  of  the  tulx; ;  connect  the  ball  with  the  prime  con- 
ductor ;  turn  the  machine,  and  a  current  of  violct-eolorud  light  ^kiM  paas 
tlm^iijli  the  vacuum. 


MECHANICAL  EFFECTS  OF  ELECTRICAL  POINTS. 

20.    When  the  electric  fluid  discharges  it?elf  fi-om  a  {Kunted 
conductor,  a  reaction  or  recoil  is  produced,  which  may  be 
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ik«ed  to  give  motion  to  certain  delicate  pieces  of  mechanism, 
in  the  same  way  as  fluids  are  employed  in  the  common  re- 
action macliines. 

Ejcp.  1.  The  electrical  wind,  —  fix  a  pointed  rod  on  the  prime  con- 
ductor; work  the  machine;  bring  the  bock  of  your  hand  near  to  the 
potntv  and  you  will  distinctly  feel  the  electrical  ^ind  proceeding  irom 
the  \mnu 

Bring  the  flanie  of  a  candle  near  to  the  ixnnt ;  the  ilaine  will  lx>  ex- 
tin^Lshed  by  the  electrical  wind,  chii-liy  caused  by  the  n.-puhuon  of  the 
electrified  air  Irom  the  point. 

Exp,  2.  The  electrical  fiy  wheeU  —  A  metal  cross 
turns  oa  m  pivot  which  is  fixed  on  the  prime  conduct- 
or; the  points  of  this  cross  ore  all  bent  in  the  same 
dizectian ;  when  the  machine  is  turned,  the  fly  re\*olvcs 
tai  the  directions  of  the  arrows  shown  in  the  figure ;  that 
ii^  oGDtzary  to  the  direction  in  which  the  points  are 
bent. 

Hie  fly  is  sometimes  mounted  on  an  insulated  stand,  as  shown  in 
Fig.  50. 

Exp,  3.  The  electrical  orrery,  —  This  instructive  and  elegant  ]nece  of 
apperatoB  is  represented  by  Fig.  51;   where   S  rq}resentii  the  sun,  E 


Fig,  4'J. 


1^.60. 


the  earth,  and  M  the  moon.  The  earth  and  the  moon  turn  upmi  the 
pivot  B,  and  the  sun,  with  the  earth  and  the  mixMi,  turn  ujxm  th<»  ]>ivot 
A*  which  is  phu-ed  in  their  common  centre  of  i^avity.  ni"  jv»i:it  A  (' 
is  fixed  on  the  prime  conductor.  'Vhv.  ]X)ints  a  awA  (i  arc  s*)  ]ilaf-l  liiat 
all  the  pit  res  rrvfilrn  in  the  s:inw*  dir-  riim  :  ihat  i<,  frtni  w-<:  t-t  ci-<:. 

Erp.  I.  T/n*  rltrtrirnl  tnrfinni  u'lin.-.  —  iliTi*  tlir  lC;i  ii  i»l'  Xhr  r\  cr- 
trical  lUsiharge  frmii  the  pciintn  ca :!.'('*<'  the  fly  to  roll  up  an  i:K'Ulll^l  pi:.::e 
fcrmad  by  two  win»  A  B  and  C  1),  suppurted  by  !•.:  \l;.tiii^  pilluiik 
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One  of  the  wires  is  connected  with 
the  prime  c-onductor  by  means  of  the 
chain  V  K. 

Exp,  6.  Reptdsion  of  a  Point.  — 
Bring  an  insulated  point,  connected 
"with  the  prime  conductor,  near  to 
the  electrical  swan,  (see  Exp.  10, 
p.  234;)  then,  instead  of  being  at- 
tracttd,  it  will  be  repelled.     This  is 


Fig.  52 


caused  by  the  repulsion  of  the  electrified  air  from  the  point. 

On  this  principle,  a  light  jKiixa:  wheel  may  be  made  to  pevolre  upon 
a  pointed  conductor  being  presented  to  its  sails. 

llie  following  remarkable  experiment  depends  upon  the  mw*^ 
cij)le :  — 

Pieces  of  phosi)horus  are  put  into  the 
two  metal  cups  A  and  B  iiu;ulated  on 
glass  pillars;  a  candle  0  is  placed  ex- 
actly between  them ;  the  cup  A  is  con- 
ncctcd  with  the  prime  conductor,  and 
the  cup  B  \^'ith  the  insulated  cushion; 
when  the  machine  Is  worked,  the  electric 
wind,  blowing  from  the  positive  cup  A  to 
the  negative  cup  B,  causes  the  flame  to  fly  pif,^  53^ 

towards  the  cup  B,  and  to  heat  it,  so  as 
to  ijjnitc  the  phosjihorus. 

Tbis  ox]>priment  was  at  one  time  thought  to  be  a  decided  argument 
in  favor  of  the  single  fluid  thcor\' ;  but  the  phenomenon  may  be  satisfac- 
torily explained  upon  the  thcHDry  of  two  distinct  fluids. 


PECULIAR   APPLICATIONS    OF   THE    PRINCIPLE    OP 

INDUCTION. 

21.  Thfi  principle  of  induction  has  already  been  explained; 
but  the  following:  experiment,  made  with  the  electrical  ma- 
chine, will  render  it  more  apparent. 

Exp.  1 .  Take  an  insulated  metal  cylinder  B,  and  attach  small  pith 
balls,  su'.pciidcxl  from  cotton  threads,  to  diflercnt  parts  of  its  surface ; 
gradually  brin^;  an  electrifir'd  Ixxly  A,  which  has  been  charped  with  the 
prime  f onducfor,  near  to  this  cylinder;  when  A  is  about  an  inch  from 
the  loiuluetor,  no  sp^irk  having  passed  from  A  to  B,  the  pith  baUs  at  tic 
cxuendties  C  and  D  diverge ;  at  £  and  F  the  divergence  is  leM  than  it 
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■  tf  Caad  D;  and  at  or  nen 


liD    C 


e  G  the  balls  do  trnt  divi 


c  hare  olrendj  explained.  Ilw  pwitive  fluid  U  driven  to  thv  cx- 
y  C  ftnd  the  negative  fluid  ia  drawn  to  the  I'xlninity  I). 

B  A  u  wilhdriurn,  all  the  balls  &JJ  back  to  Ihcir  nBtural  poeitinn, 
B  laUirp  and  ncgntiye  fluids  on  tlic  cotidurtor  I!  feiuiilc  and  nf- 
Um  In  Quit  natunj  Btate  —  oil  electricity  diuppein. 

Brtef  willidiawiug  A,  toucli  the  cxuemiCy  C,  bo  a»  (o  takt'  nway  the 
jKMfliTi:  fluid,  and  ibe  cunductor  will  remiin  choi^  with  ncgotiic  tlw- 
o  as  described  in  tlu;  Gxpcrinienis  girc-u  at  pagi-  22S. 

aly  may  be  developed  by  indutrion  in  a  series  of 
wiiilui'Iors,  jilaL-ed  in  u  lint?,  vrilh  their  extremitieB 
citch  other. 


7^  Elcn 


'ophm 


,  Tile  «I(wtrophon»  ifivcntcd  by  Vijllu,  di-pcndn  upon  the  prioeipk 

pMlKticni  i  it  v,  capable  nf  trtainitig  (ta  a  uirtMiterobLc  time  the  olec- 

f  dnckqjnl  upon  its  non-wndurL'tintc  surface  by  Inctitm.     It  ta 

■1  of  m  crakir  at  resin  puTintl  into  a  drrular 

J  BUNilil  ttt  plat?  A  i,  of  a  diik  of  metsl  a  a, 

*  than  the  cake,  fumithnl  with  on  in- 

.    The  cake  of  rada  la  dnrtriSpd      , ,  —         ^ j-    -  ^  „ 
f  bjr  Tubl^Ti);  itt  3iiTfa»  with   a  rat'a     j'^^^^^'^'^'l, 
p )    tlm  metal  disk  la  thiui  plnccd   upun   the 
drakr;  wr  thm  touch  the  plntcwLth  the 


ny.  55. 


ir^tivp  plectricity.  Biid  Tid»?  it  bjr  the 
irp^I  with  padtiTF  elppiricity ;  upon 
rk  of  pcmtirr  rli-ctrinly. 
intp.  ( whilir  in  omtain  with  ihp  m»- 
I  away  ttnta  it,  mting  to  the  ti-piil- 
whcii  tlie  plaui  is  miHil  Wit 
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Ihp  tiunilotiiig  handle,  it  u  cbargcd  with  piMtive  clpctririty,  tMcame  ll 
neg&tivG  S.iiitl  had  been  taken  ■waj'  from  it,  wliite  th«  piwtivi)  fluid  ia 
lemniiied  by  the  attrocciaii  uf  the  negative  fluid  t>r  the  cuke. 

As  the  cake  will  retain  its  electricity  im  n  very  Vn's  liniu,  snjr  aun 
bd  of  sparks  may  be  token  from  it  with  Hctvoely  any  ''iiiirmii'in  ti 
inteDHiEj-. 

The  expmmeniB  g;iveD  in  emuLection  with  Fig.  19,  ixif^  233,  inajr  1 
explaintd  on  the  Eome  prindiile  a»  thai  of  the  cdwtiuiiluruji. 

Tate's  Eleetrophorie  Mitrhinrt. 

23.   The  intensity  nf  tiie  cleclrioity  Intusinittttd  m  the  con 

iluutur  by  till!  utectropburus,  duseribLxl  ai  )>u;:e  230,  An^nn^ 

D)ion  tlie  tullowiiig  circiiiDst-uiiMis  :  (1.)  Tlit^  si;!i-  uf  tliu  |>laiH 

'    (i.)  The  coniploteness  of  thocontiictol' lb»  [ilaU: ;   (»,)  TU 

rapidity  with  wliicli  liic  strokes  arc  pel-formed. 

The  following  contrivuncis  will  give  powi;r  lo  the  imtnh 
m^nt,  by  fnciliiiittng  ibc  operation,  utij  by  le^aeuing  the 
required  for  performing  uacli  sU'ok^. 


Doabtti-actitig   Kteetrophor\a,  or  an  Eteetrophtinti 

prtiducinif  Imlk  Kindt  of  JiircCricilt/. 

a         0       B       : 

34.  This  simple  l■olltri^'lU>ce  a 

KprtBeMad  in  Flfj.  Sn.     L  N  is 

n  open  box :  I.  N  aliHfC  gutta 

I   pcrchn  utrctchcd  tight  met  its 

I    top ;  J  K  the  plate  of  the  elac- 

'    tniiphunu ;  B  F  a  ulrip  of  double 

gutta  perohn  DtlHthcd  tu  the  plate 

fcr  the  purpose  uf  liftin);  it.  TonD- 

ing  a  Iw^  at  the  lop  for  ri 


n^.tfe. 


■I'pabU  of 


n 


I   ingan  inankting  rod  I)  C,  which  may  be  a  induf  ^lascw  a  ttlok  of  laU 
wax;  a  C  H  a  brnt.  ineulstal  wire,  tmiiitiilnl  with  knola  O 
A  an  insuLitnl  Mtiiductra  Ua  receiving  ihii  nimtive  dretricUjt )  It 
her  insulated  randucioi,  fbr  rnsrinug  the  [CHtiTc  I'lvetiidtf  t  ihmt 

'  conducTon  are  [ilncod  ut  tlie  distniicfr  ot  lix  w  riiiht  'vwint  fmm  tfaa 
!  JK,  luidthrloixthufEliewircC  U  iicuchiio  loallmr  liir  kisli  IT 
to  mme  into  ootitatt  with  the  plate  J  K  at  ihr  tumi'  ttinr  w  ilj-  kiw* 
miHi  into  ounloDt  with  the  Muduclot  A.     Ilic  uudiuii-  it  wtalMl  in 
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ub  lh«  niribrr  (if  the  gullu  poxbu  nith  n  piece  of  fut  or  mlibifa 
;  place  Ibc  iilnlc  J  K  upoa  tbe  excited  flbcet.  t4ikbg  pdtb  to  hold  it 
Uv  luMttMiDg  handle  C  D :  di.pre»  itie  tumcUc  C  V,  unti]  the  kuob 
niiM  in  conucl  iritli  ilie  plate  J  K ;  tiien  a  fpark  of  negative  dec- 
r  win  he  tnuauitted  to  the  eonductot  Ai  nise  the  plate  J  K  by 
inaiB*  oi  ibe  ianihitGd  handle  until  It  etrikra  the  conduetur  B ;  then  ft 
^■ik  lit  [iCAitiTe  e1«.-tikity  will  be  tnnamiited  to  the  condiielor ;  and 
at  en  tn  on  ahoost  inddinitc  number  of  ttin«.  The  aolinn  of  the  ma- 
tHat  limflT  HiaiistB  in  railing  and  deprtcaiig  the  hand. 

U  «m  bt  olnnTved  ihot  ol  each  upward  stroke,  the  Vnob  O  is  raised 
V  «)iidui:i(it  A  before  the  pUtc  J  K  ib  lifted  uff  the  ijuHB  pertha. 
cmductwB  A  and  B  may  hr  u»ed  in  tlic  same  wiiy  ta  ihe  i-on- 
n  ccdbiuy  elpclrioil  mucMue  —  thai  U,  for  charging  jan,  &d. 
d  Kftotatta  nuoiher  fiitni  of 
t,  wMcb  poEBoaia  some 
DWel  that  juct  described. 
a  the  plate  ;  A  and  B 
I,  alr^y  dcacribpd ; 
n  insulating  handle,  of  scaling 
or  kUh  coTOtd  with  sealing 
.  oantnted  iuiu  a  metal  tube      ^ 
1 1>|  vMch  la  fixed  to  a  amnller        '  "' 

"*  •  amdvf  in  contact,  lime  oftCT  ^^' 

t,  with  the  phite  J  K ;  this  tube  a  works  smooibly  on  a  brasE  rod  a 
d  M  the  plote  J  K,  having  a  sttip,  or  nnall  rim,  at  its  lop,  for  the 
le  of  ttopiuiig  the  BKcnE  of  the  smull  tube  a .-  P  O  is  ■  wire  ftied 
I  to  Ihe  tuhe  F  P,  and  lerminnted  by  a  knob  G.    By  this  cpntriTance  Iho 
nd  P  n  admit*  of  an  op  and  down  mntiun  upon  the  pin  n.  M  the  umo 
(bne  Uue  the  phrte  J  K  admits  of  bdiig  lilUii  off  the  giitiB  pcreba.    Tbo 
nuvJline  i«  worked  in  ihe  fnllowing  maimer  ;  — 
BM  Oie  plate  liy  the  handle  B,  and  idunc  it  upon  the  ejcritcd  gutta 
~  a  L  N,  (mx  Fig.  S6 ;)  dcptiH  the  handle  R  until  the  knoti  G  uimea 
rt  with  the  eonductnr  A,  and  a  ;>pnrk  of  negative  rirciriclty 
n  h(  tranmittcd  to  it ;  raiw  the  handle  until  tha  knob  G  come*  into 
it^vtah  Ibr  ronduetor  B.  and  a  spotk  of  pwitive  elcctriaty  will  be 
it  i  and  m>  on,  aa  bdbie  described. 

Sitiijle-iielini/  Eleclruplionta. 

Tfce  platai.  with  ihrir  peculiar  ([ppmrnuncr*.  just  dracribrd,  may 

'nd  with  grrat  odvnncagr  in  the  plore  of  the  rimjilD  insulated 

laffe  SSO.     Thn  ecmlrivaiieia  enuneelcd  with  thi 

csaUe  the  Dpcmtca  t«  pafimn  «nch  urokc  dioto  njiidly,  1 
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il  tvc  Ui  bt  iiwd  ill 


■1  tiw  muae  thae,  his  len  nana  irec  ui  at  iiwa  m  wiy  iiuuur  Rqu 
hii  Hllcntioa.     All  thut  if  required  iii  the  ii|i[illMtlnn  fif  UuMi  pUli 
thb  coiiim(Mi  sheet  Glectroj^tnus  is  simply  to  have  >  cmiluclur  {i]ao«_ 
w  to  cnine  in  uontact  wttli  the  knob  O  lit  the  nuuncnl  Iho  [date  J 
lUta  upon  the  exdlcil  gatia  paiiia. 

Dit^ited  Eleetrieity,      Ctrndenneri. 
2G.    ir  a  coiiduclor  cuiinecleil  mili  liie  ground  be 
near  U>  one  exti-eniUy  of  another    rnndur.tur  cluu^il  i 
electricity,  then  ihu  quantity  of  the  electric  fluid  ut  tluU 
tremity  will   be   consicti^rnbiy  inereuseiL      This  tact  ia 
vrhttt  we  sfaoiil<t  have  itnticipated  fraiu  the  peculiar  proj 
of  the  tileciriu  fluiil. 

Let  A  B  be  on  iuBiilalcd  pUte 
dlarpid  with  electricity,  [my  with  -f- 
elect]^:ilX '• )  A.'  U'  onothci  plate.  con> 
netted  with  tho  grnuiui  bj  larans  of 
the  chaiii  F'  OK  Connect  A  It  vith 
the  prims  conduetor  bj  means  uf  Iha 
jaiDtnl  discharger  G  H  F  i  reninre 
jmnEcd  diadisr(;;cT :  thm  A  B  will 
emu)  ehnrged  with  puaitivc  tlcvtricity. 
■which  n-ill  have  Ihu  Bsme  iiiteiisilj'  m 
that  of  the  (lime  cmuluctor :  bring  the 
[datu  A'  8'  lieu  to  the  ehnrgod  plate 
A  It :  then  the  cloctiidty  on  its  iur- 
bee  will  lie  vontiderably  iucirwcd.  For  whilitt  tlie  putative  (ilMttldl 
of  A  11  tqiels  the  positive  deetniity  of  A'  B',  at  Ihu  aiuiie  tiioB  h  m 
ttacto  EtB  negative  elevtrieity ;  but  thin  negntiTe  Ituid.  aceumtilNlad  a 
tho  jilale  A'  B'.  in  its  turn  nscls  upon  the  plnle  A  II,  17  Mnstia 
mart  of  the  gitjeitivu  ftuid  in  it  toward*  the  eurfuce  nuurxt  to  Iba  |d« 
A'  D'l  thin  inercKuof  ftuid  on  the  plMeA  11  iirodumahirdHraitlH 
iqian  the  jiUlo  A'  II',  and  u  on  lo  an  Jnd<.-fiiiW  maiat  at  wtbHil  n 
The  negnilvc  fluid  aeeumulalcd  in  A'  II'  Iji  railed  Jlifaim 
tf,  Snt  it  eonnot  be  detected  by  any  ordinary  mauK ;  f t  b  H 
tainod  at  held  llirrc  entirely  by  the  aUrscIinn  of  the  podliT*  fluid  1 
A  B.  Th«  plate  A'  tl'  ii  cnllnl  the  mtulmting  plalr,  and  A  B  tlw  agj 
I   kttiit  ptali.     An  iiulnunoni  c(instnivl«l  on  thl*  ]irind]i)e  la  adM  111 


f  IhB  - 


rb& 


Hiu  {riiuii|ilu  of  dinHuiivd  da.-th(aty  may  be  laidUy  MabUml  I 
I  •a]ii*iuia>t. 
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I 
Fig.  69. 


Exp,  1.   liet  the  cliaiged  plate  ^'^ 

A  B  be  connected  by  a  chain  with  f' 

the  insuhUed  balls  F,  and  the  in-      yV-— ,....0!    [TV)— — hTN^ 
■ulated  plate  A*  B'  with  the  inmi-       I      11     ^tTI   rrf  IT     A 

lated  ballfl  F.  First  charge  the 
plate  A  B,  (ny  with  positiYe  elec- 
tricity :)  then  the  balls  F  will  di- 
TBige ;  bring  the  plate  A'  B  near 
to  A  B :  then  tl»  electricity  in 
A'  B'  win  be  decomposed,  and  the 
balls  win  diveige.  Touch  A'  B'  with  the  finger  m  as  to  carry  away  its 
poHtiTe  electricity  set  free :  then  the  halls  F'  ^i-ill  immediately  cease  to 
drroge^  and  the  balls  F  will  have  now  only  a  very  foehlc  divergence. 
The  negative  eleutricity  in  A'  B'  exists  in  a  disifuUvd  state.  Witlidraw 
A  B  and  A'  B'  from  eaeh  other,  taking  care  not  to  touch  them :  then 
immediately  the  balls  diverge  —  those  at  F  "with  positive  electricity,  and 
thaw  at  F  with  negative.  Bring  the  plates  a^ain  near  to  each  other, 
and  the  diTergcnce  of  the  baUs  F'  again  ceases,  and  that  of  F  diminishes. 
The  negative  fluid  of  the  plate  A  B'  is  again  disguised,  and  the  positive 
fluid  is  partly  ^-ithdrawn  from  the  extremity  F  towards  the  extremity 
A  B  by  the  attraction  of  the  negative  fluid  in  the  plate  A'  B'. 

These  fa<'tA  enable  uh  to  give  a  satisfactory  explanation  of 
the  principle  of  the  condenser,  of  the  electroscope,  and  of  the 
Leyden  jar. 

The  Condenser. 

27.  The  condenser,  the  principle  of  which  has  jnst  been 
explained,  is  used  to  detect  the  presence  of  electricity  where 
it  14  ao  very  small  aii  to  n^cpiire  it  to  be  collected  and  con- 
densed before  it  will  alTcct  th(^  electroscope. 

It  consists  of  two  disks  of  metal  b  h  and  c  c,  whose 
touching  Buzfaccs  arc  polished  and  covered  over  with 
a  thin  coat  of  vaznish  or  some  non-conducting  sub- 
Hanoe;  the  upper  plate  is  the  collector,  and  the 
lower  one  the  condenser;  the  condenser  stands  on 
an  insulating  glass  pillar  n,  and  the  collector  bus  an 
insulating  handle  m  attached  to  it,  by  which  it  nmy 
be  Uftcd ;  a  brass  wire  a  b  with  a  knob  a  its  fixed  to 
the  under  side  of  the  condensing  plate,  for  the  purpose  of  connecting  it 
with  the  ground. 


Fig.  60. 
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The  Bpporatiu  is  thus  used :  Plaru  the  body  whoso  olectridty  i»  (o  be ' 
examined  in  umuci-tion  with  tbc  oiUii'tor  e  e ;  touch  the  IwU  ■  widt 
the  tiiigtr,  oiid  after  havini;  tAkcii  it  away,  tuddnily  raise  the  coUcctor 
\sy  the  glass  handle  m,  oiid  the  eleutriuit;  of  the  budj  undix  cxsnuna- 
tion  will  have  accuiuulutcd  itsdf  in  the  collector,  sud  the  apposite  fluid 
will  be  found  in  the  condenser ;  presrait  the  collector  tn  any  delicate 
elcctrowcpe  or  electtometer,  and  the  accumulated  electricity  will  be 
TcndCTed  i^iporent.    The  TalioHoU  at  this  provess  has  alieadf  been  ez- 

28.    ELF.CTBO SCOPES  AND    ELECTBOUETESB. 

There  are  a  git^itt  variety  of  eld'troacopcs.  For  all  ordinary  purpose 
the  jalh  ball  elcilmscopc,  n?pn!:4^tc<l  in  Fig.  3,  or  that  desciibcd  at  page 
214.  is  quite  KuMeicnl.  But  in  purMiiiiy  luaiiy  electriiul  iiiquicieo,  we 
require  instrmnenla  of  more  dtlifuf y,  or  of  mure  durability. 

In  order  to  render  electrwicopic  iualniments  mcire  sensitive  and  miB« 
accurate,  the  two  light  bodies  arc  suspended  fnaa  a  metiil  rod  and  lii- 
ckecd  in  a  ghea  bell,  and  the  cxttomity  of  the  rod  (which  ii  edther  • 
knob  or  a  plate)  is  to  be  touched  nith  the  electrified  suhetance.  The 
light  bodies,  thus  suspended,  are  eithu  pith  balls,  as  ahown  in  Fig.  61, 


fY?.  81. 


Fiff.  ez. 


or  ti™  gold  leaves,  as  in  Bennet'a  elntitimetcr,  or  the  gold  leaf  elertrom- 
attr,  Khuun  in  Fign.  (12  and  63.  In  Rg.  62.  t»o  knoba  A'  and  B'  are 
phtrcd  on  cwh  rido  of  the  gold  leaves  //,  do  that  when  the  Icove*  di- 
verge too  Mrongly,  thpy  impinge  uimn  the  knohs,  and  ore  thus  dis- 
charged of  their  eluctricilyj  this  contrivance  prevents  the  leaves  &om 
being  torn  l>y  udhering  to  the  siilrs  nf  tbe  glaw  bell. 

In  otdir  to  inBulntc  the  electririly  given  to  the  cap  or  plate  K.  ihe 
metal  rod  carrying  Ihe  gold  leaves  pai^cs  through  a  rIoni  tube,  which  is 
cemented  to  a  fbnule  on  the  plate  A  0,  elusing  the  top  of  the  ghta 
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^R9.  {SwFIg.fi).)  TKii>[iluirUHmw«Jui<i>ti  IhegloB  cover.  Ml  Dint 
■L.-.  kmw  IIMJ  b*  pl*ual  wilhlii  ihe  gUx  iivithuut  injuring  them.  'I'he 
.-  il  loara  tur  attaebed  to  tb?  Inwur  rxlrctmly  nf  thu  metal  nidi  «ini|>l]r 
I  y  i]ii!  Mlln'M'n  gf  goio-  Bdiin;  iisicig  ruiy  ck-vtMnuila',  it  ie  impiatitiit 
*^ai  aH  (U  gaftl  be  pofcclly  dn,  and  thai  the  auiroiuidin);  ait  tie  wann 
^id  b«e  bmB  tnoiciiirc 

T«  tuK  tiw  guU  iwf  (dix-tnacTpe :  Bring  an  excited  glon  tube  ncni  la 
lIic  cap  K.  Buil  the  gold  loivcs  will  divt^«  mth  positive  eleciriintjri 
ii'.cjiBc  the  judtiw  Suid  of  thr  glite  dnvin  the  positive  Quid  of  thu  cap 
tutu  tliE  gold  Itwroi.  Giatcd  BoiUnK  wax  brought  near  to  the  eup  will 
lanur  ifac  locns  tu  inltapse. 

Hk  faUuKin^  ii  the  bfK  mirttiiid  of  uriiig  the  simple  ^Id  leaf  eleo 
tnancut  n^uuvnicd  in  ifi-gt-  6-i  and  <I3 ;  lor  it  rnuMs  the  ^old  lenrcB  Co 
be  pmmiHrTtf/y  Uirrrjcitt.  Elivtrif|p  a  stitk  of  itealiiig  wax  ;  huld  the 
cUnriliol  vox  nrty  nrar  to  the  Mp  K,  witliuul  touching  il  -,  the  ffM 
lisns  «ill  dimgc  tlum  cucb  othct  on  the  iiriliciple  of  induction,  vrith 
tin- MBu  ekcthcit;  as  the  wax,  that  it,  wilh  iit^atiTc  electhcityi  loud) 
:bi  cap  willi  tin  Sitgcr,  and  the  gold  IciiTis  inslonll;  collapvc ;  JirtI  n 
Ecn*  tbo  finga.  Men  tlLu  elottriiied  body  and  the  gold  leaves  w:^ 
nnuiiB  i/trmmuntlji  divei^rait,  with  nn  clectiicily  opposite  lo  thai  of  the 
vas  i  tliat  1^  Kith  poetire  ctectiii.'ity.  Htm  bring  nn  clwtriflnl  glan 
[slie  neir  to  tlie  rap  K,  and  the  divngsnce  of  the  Icavea  will  be  in- 
1 11—  il.  tj<cauae  the  glaa^  b^g  poutive.  will  drive  more  of  the  poidtivA 
u  the  gold  leaves.  After  taking  the  glit9  rod  away,  bring  elec- 
a  pspi-T  neat  the  cup  of  the  decIroBcopo ;  the  divergence  of 
Kgrid  Isns  will  be  decreased,  because  the  brown  popd'.  bdng  nego- 
K  1(41  iti"*  the  nFgotire  fluid  into  the  gold  leavn,  thiTcby  ncutrol- 
~" "       'tin  fluid  at  first  in  them. 

m  dbterycd  that  whcTT>  the  charste  of  the  leaves  it  temporarg, 
y^il  Ibc  wmc  at  the  eiditd  ludyi  but  who?  the  dioirge  ii 
M  tn  iho  preceding  cose,  the  decliicity  ia  of  on  oiipoulv  kind. 

S^ftrimenU  wilh  Ihe   Gold-leaf  Elertrosropf. 
I.  8tr9(v  tlir  «p  rf  the  flectronooiic  wilh  a  worm  irilk  handkcr- 
'[  dw  taTw  will  divcripr  with  nrgative  elcctrieity.     Verify  ihi»  by 

a  Psdlcd  Kick  of  toaliuit  wax  near  to  tbc  cap- 
■Js.  lExtJM  « lilk  tiblm  i  tiing  it  near  to  thu  cap  of  the  cloeDo. 
■  (twtantl*  div>-r){ii:  Axdte  u  gla«a  rodi  Iniiig  it  aim 
»  (ho  D«p:  tfae  diTCTRirni'-  iif  the  leaves  is  dirniniBbod,  tbcrcby 
« the  rUmkiiy  t*  "ilk  t»  ntigatiTe. 
f,  I.  Rob  a  ToQ  <if  briiniti<ne  with  a  pieee  of  wttrtti  flanurl,  hold 
M  itfcdtMl  bdniMunG  nuot  In  ihi'  rap  of  tbc  dn.-troK[)pc,  touch  Uic  cap 
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with  the  Aaga ;  ^rtt  take  away  the  Hnga,  ontl  thm  tlic  hriinMono : 
gold  ttrsvES  will  mnoin  pemiantitlly  divergont  with  pudtiTi: 
"Vfrifjr  thii  by  Imnging  an  ei\iieA  tiick  of  wruhiig  vox  iiiat  i 

£jy,  1 .  Place  o  Uii  ycsBul  l^olltllinlng  ■KOUt  on  ihu  up  K  of  llw  uIm 
tnwxipe,  fHW  Fig.  lis  0  dr>i]i  ■  red  Iml  cindur  inu>  thr  wsicr;  llie  liuvi 
wi]l  innaDtljr  diverge.     1  Verv  the  cscapu  uf  iwoiu  gciicruua  deutndrf  ■ 

71b  ytitd-trof  romletuiaj  elfcttvatfie,  leptcscatcd  in  1^^.  M,  i 
oon^»b  in  the  Rpplicatiun  of  the  coudcuscr,  de- 
•oibed  at  page  210,  to  tlirKold  loaf  ^troscupc. 
Here  0  c*  t>  the  collecting  pliM,  wilh  its  gluss 
handle  in,  plneed  upon  the  plate  oT  the  eleclio- 
•Mipe.  In  ordur  to  Tender  this  initnimait  m 
dvUcntCi  iho  fUm  bcU  of  the  onliiiarj  dectru- 
■lupp  is  cnckacd  by  u  ^asa  tone,  into  vhioh 
•ome  diloride  of  Midum  is  put,  -uilh  the  view 
of  obwirbing  any  nuuEtuni  which  may  be  in  the 
dKunyBcent  nil. 

The  degree  of  divergence  of  llic  gold 
leiivBs  only  gives  us  a  rude  iden  of  tho 
inti^Ddily  of  the  detiricity  with  which 
Hti  t-xcidnl  hmly  is  char^i^d;  for  llit;  di> 
vergL-ncf!  is  riot  exactly  in  projiortion  to 
the  iniensil/  of  tho  dmrj^     These  in-   I 
Urunienis,  therefore,  should    be   ealli-d 
titetroscoprt  rulher  than    eltctrotnettri.     The  name  of  i 
tntni'lKi'  sliuuld  only  be  given  to  such  instruments  as  ( 
lotnh's   baliLtice,  which  ofibnl  us  the  mMiiiH  of  <!Xai:tljr  n 
paring  the  i-Ieutrical  inleriHitiiM  of  uny  two  hnrties. 

TKt  nendir  rUrlrnantrr.  rqjiraenled  in  Pig. 
or  ateile  baUiiu^  uii  a  pniul,  having  pith  tioll!  flxeil 


Coutomb't  tnrtion   rIeiiromtUr,  —  For  ordinniy  pur- 
poaw.  the  inttiumBtt  roprcseiited  in   Fig,  8i<  will  br 
ftiuiiJ  uMeiliiigly  >iwfi]!.    &  email  disk  iif  )plt  paper  C 
it  Mtai'hL'd  to  tbc  end  of  a  needle  of  gtaa  lac  or  MvUng  vrax  t  the  a 
UipQidL-d  by  H  thnad  of  iTnling  wax  K   1),  al^  thp  Infliiiiw 
•crilBil  M  |B|—  211.  and  iilHi'iid  M-iihui  B  ^laan  juror  liotik^  »  nhown  iai 
I    the  tlgurc ;  poiAng  lhn>u){h  the  ride  of  the  jar.  nnd  oo  B  lord  wlA  ll 
'  muJU',  i>  a  bnu*  wirr.  tcnninatcil  with  tcilt  liolb  A  and  B.    Tb  uv  tl 
utit.  mill  Ilir  kiiati  K,  if  im:cMMuy,  tu  lui  to  hfinj  tke  iWi  0  ta 
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contact  with  the  ball  B ;  touch  the  boll  A  with  the  elec- 
trified body ;  then  C,  bciiig  electrified  in  the  same  way 
w  B«  will  be  repelled,  and  the  angle  of  torsion^  or  twist, 
will  indicate  the  force  of  repuLdou,  or,  what  is  the  tianic 
thing,  the  relative  amount  of  electrical  char<;c  given  to 
A.  It  will  be  ubservcd  that  the  force  requisite  to  twiist 
a  thread  is  in  proportion  to  the  angle  over  which  the 
needle  is  moved,  so  that  the  angle  of  dedcctiun  is  a  true 
meaMuxe  of  the  electrical  rcpukion.  ^^^'  "^* 

In  comparing  the  intensity  of  two  clcctrifie<l  surfaces,  it  is  necessary 
that  we  should  employ  a  proof  plane,  (which  is  a  round  pie^e  of  gilt 
paper  fixed  to  the  end  of  a  rod  of  scaling  wax  or  shell  lac, )  for  the  pur- 
pose a(  tranxfcniDg  the  charges  of  electricity  from  the  electritied  surface 
to  tbe  ball  A  of  the  electrometer. 

It  is  obvious  that  the  torsion  electrometer  may  be  uficd^  like  the  gold 
leaf  electrascope,  for  ascertaimng  whctlicr  a  body  is  pOi>itively  or  nega- 
tively electritied. 

fig.  G7  represents  the  form  usually  given  to  the 
Ionian  electzomctcr,  whcTe  the  thread  6  B,  support- 
ing the  needle  b  d,  passes  thnnigh  a  tube  mounted 
cm  the  glass  jar  A.  The  circumference  of  the  jar 
is  divided  into  degrees,  the  zlto  point  Wing  oppo- 
site to  the  ball  to  which  the  electricitv  is  trans- 
fined,  so  that  the  angle  through  which  the  needle 
is  TCpellerl  may  be  at  (mce  seen.  The  needle  is 
nsoally  supported  by  a  fine  thread  of  silver,  a1x>ut 
two  feet  long,  fixed  at  the  top  of  the  tube  to  a 
brass  piece  r,  which  admits  of  being  turned  tightly 
TDimd  the  cap,  which  is  aL»o  of  brass,  and  fixed  to 
the  tube  itsclfl 
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Bj  means  of  the  torsion  electrometer, 
Coulomb  proved  that  the  law  of  eieclrical 
attraction  and  repulsion,  as  influenced  by 
distance,  is  the  same  as  the  law  of  gravitation ;  that  is^  in- 
Tersely  as  the  square  of  the  distance.  He  also  determined 
the  law  regulatinr^  the  distribution  of  the  electric  fluid  on  the 
Borfaces  of  conductors. 


NJITCKAL   AND    EXPERIMESTAI,   PHII.OaOPHT. 


THE  LEVDEN  JAR  AND  ELECTRICAL  BArrERY. 


20.    EXPERIUIiNTS    WITH   A    StKQLE   LBVDEN  JAR. 

£17.  t.    To  s'"'  <">  elecirieal  thotk.  —  Charge  the  jar  after  the  mu 
duvribcd  at  pug?  i2i  ;  graiq)  the  outside  of  the  ju  Kith  aae  band, 
louuli  Che  knob  of  ilie  jar  with  the  other  hantl.  and  an  pln:iriD  alKiFk 
be  fblt.     Care  should  be  taken  thut  the  jar  U  not  ii<i>  atronfily 
UviiCTidly  ^peakiug,  about  half  a  doKcu  good  iparlu.  inuiBtoilU)]  lo  d 
luiol)  uf  the  jari  will  be  a  suflivimt  cliargc  iiir  giving  any  poMO  a  drad 

A  obock  may  be  given  tu  any  iiumlvT  of  piTsana  ol  itic  ■omo  tin 
Let  them  fonn  IbcniielveB  inl«  a  ring,  by  tnkinj,'  liold  of  cach<MlHi 
huidi  1  let  the  flnt  poMui  gcaiqi  ilie  outrade  coaling  of  a  jar  irhldi  h 
been  charged,  oiid  ilicn  kl  the  lo^t  pctsui  in  the  ntig  tnuch  the  knob  ( 
the  jar :  the  whole  of  the  pntons  fcmmng  the  ring  will  instwitatuoial 
rreeJTc  the  abock.  "Vhc  number  of  the  prrMine  Ebmung  the  tli^  da 
not  appear  to  oScct  the  intrauiiy  of  the  sbock. 

Erp.  2.  To  ahouj  eha  ttrikms  diilmuv  of  tht  tpntk  at  ditiAi^g^- 
Touch  the  ouiudc  coating  of  a  cbiugcd  jar  with  one  lull  of  the  JaIhQ 
diavhuq^y  nxl )  i^nuluully  bring  the  other  boll  toward?  the  btieti  of  d 
jor;  Uim,  whinllu'y  have  ivane  sufficiently  npor  w  cm*  aihrr.ibAd* 
trie  spark  will  pii»-  from  one  hall  to  the  other  with  a  annpjilng  tub 
The  dtstiince  at  which  llic  diubarge  takes  pbice  dcpaida  upon  Hi^  ri 
of  the  jar  and  the  inteiwiiy  of  the  charge. 

Kxp.  S.  TolMM-t/it  manner  in  ahich  a  Jar  bteamrl  ekargrd. —  Vht 
a  CMnmon  LeyJen  jar  upon  the  inenlsteil  titiKiI,  und  Iniiig  the-  kiinl)  widC 
■triking  ditlnmc  of  thr  prime  toiidoctor ;  turn  the  inai-hinc,  and  ft  y^ 
be  found  ibiU  the  jar  <:nnriot  be  chur^  when  its  outaide  tooting  1«  ihi 
insnlmed :  now  bring  your  knuckle  near  the  outside  eontins  if  the  JH 
then,  for  every  opnrk  of  pc»tire  electricity  whiob  posara  to  tbe  taiMf 
oootiog  of  the  jar,  a  eoneipondiiig  spark  of  pmitive  clectririty  wfl|-|i 
from  the  outsde  coating  to  the  knuckle.  The  poeitlTa  AnSnekif 
driven  off  from  the  outaide  coating  on  the  ptindplf^  of  itidtirtintiH  wM 
the  ncgntire  Elertricity  i»  held  in  a  disguiMd  cou'li'i  ■  •'       -•  ' 

coating  by  the  otttBrlion  of  llie  pnmtire  clrctrieil^ 
in^de  coating.  Hcnee  it  appmn,  that  wVn  ' 
chotgcd  poaSlitdT.  the  <mb«de  rnsliiix  U  chntp^l  r 
when  the  jot  is  being  diiwhargttl,  llie  two  oiipodtc   llui.!     rt.^.[.  tii  ,« 

fijp,  4.    T.i  Fhari'  Uie  mide  i^fajdr  tuifnt'relj/.  —  Placv  ibe  j«r  ■!« 
Ilie  iTi*iiUt..'d  ito>i1;  bring  thr  ootslde  cmling  of  the  JH  wUhin  ll 
gdiHtanceofthesiuik  of  ihepiiiaa  (unductur;  turn  tfap  lUwUl* 
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Bff  time,  applf  ihi  knuckle  to  ihe  knob  of  the  jnr  i  llien, 

k  of  pnitin  elc«tricut}r  wbich  pas&ra  to  the  oul«ide  cuuiing, 

jadiog  rpuk  of  pndtivc  cIccUicLty  jioKCi  IToui  tbe  iupide  ooat- 

fclu  tbc  kfim-'kle.  uid  thus  the  jo  will  become  choigcd  with  u^uivo 

k  h.  To  lAnw  M<-  prinripie  of  ditifuiitd  eltttrii-'ils  in  n/uf tun  ffi  tAa 
m  juf.  —  Ijit  »  jar  bu  placed  on  the  insulating  stoo!,  anil  let  the 
rtitl  by  ■  uii^  pillur,  commimicalc  with  the  outer  coating 
e  ft,  buipnitt  a  butl  rif  cork  P,  by  a  liuEU  tlircBil.  luiilwuy  lio- 
le  knob  D  uT  the  ju  and  the  ball  D',  communicating  with  the 
d  by  B  nu<tBl  chain  K.  Charge  the  jai  aftur  the  mnnner  dtscribcd 
3;  UiBt  the  ballu'ill  be 
o  D,  and.  owing  to  tbu 
cunlact,  a  izttain  piirtiun  ot  poai- 
ttn.  do^iidty  will  psas  to  the 
gmanl  tlnmgh  K,  and  a  wrtun 

r-  ritijo  uf  pDBitivv  vlcptricity  will 

Tiaa    rfu^fiucj   on   Ihv    inner 

jtii^  I  F,  being  tlniH  nsloral  ut 
It*  Mtuial  Mote,  will  be  attracted 

Rl  D*.  nnin)!  to  the  ncga- 
jfcitr  set  (ko  &om  tbe 
MU&ce  of  tbe  jar :  when  | 
bl  contact  with   D', 
oniMi  of  eleiTtricity  will, 
■noKT,  pufa  off  itaia  the  ouIft  surface  of  the  jar  thro^h  the 
'«    


*  K<  and  then  a  certun  portion  of  negative  electricity  will  re- 

jttitrd  on  the  outer  coaling ;  F  will  then  be  again  altmcted  to 

D;  Mid  w  on.    The  hall  F  may  continue  to  oscillale  betwi'CTi  the  twa 

ail  U'  for  Kviml  houn;  at  the  end  of  which  lime  the  two 


;i  will  have  Innt  tlietr  electricity  by  this 


of  small  d 


■et- 

^^^^Ar  appKmttia  rvpreKnted  in  Fig. 
^^^M  tBIcaded  to  iUuMrate  the  same 
P^i^t^     The  insulated  halls  on  F 

•"•''"Ci  '■'"I  tlioie  on  P'  an  in  con- 

fwitb  (ba  oolcr  mating. 
tb«  )tt  aflrr  Ihf  manner  de- 
n  Exiv  3;  UiL-n  the  bnllf  F 
rrgr  wiili  ji-itin-  deetriiity, 
nogollrfi  «lKtricity  will  hv  hvlil  in  a  ihigmttd  iCatc  ini  the  outn 
"Ciiwcb  Uw  knult  1>,  and  th«  Lolls  F  will  cuUupwj,  while  tlia 
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balh  F'  Hill  diverge ;  the  ponilivc  elociricUy 

«rhUt  the  negutiTc  i*  fnw  1  and  hu  un,  until  all  tha  Hiiid  i«  udiMi  !■< 

£j7i.  G.  To  mait  a  jar  oal  of  a  eommatt  Btal,  —  Fit  u  cork  t»  I 
tEhI,  uid  pKW  a  wire  through  it,  rest^ltiiig  ni-nriir  (o  the  botlom  of  I 
TuU  i  put  a  knob  on  the  uutCT  extronity  of  the  nkiic ;  half  611  llw  v 
tritli  WBia,  and,  after  carefully  drying  the  ontiodCi  put  llw  ra>k  wi 
its  wire  in  its  ptnix ;  gnup  the  outude  of  iIig  vial  with  him  band,  u 
afus  having  taken  a  few  epoikii  from  the  prime  coiiduttor  to  tbe  b» 
touch  the  knuli  with  thi;  other  liand,  and  yuu  will  trcave  on  aled 
abwk. 

ncrc  ihe  hniid  answers  the  puqwec  of  the  aittmnl  ontfi&g  of  1 
Lcydcn  jar,  and  (he  water  that  of  the  interna]  coating. 

fijp,  7.  7^  ehrlricai 
tporttmmi.  —  This  coiudiiCe  of 
a  Jar  J  eonuecled  vith  the 
figure  D  of  n  spansnuut,  who 
is  )up)K»ed  to  be  in  the  act  of 
fthnoling  SMue  birds  flying 
over  iht  UIl  A.  The  knofaa 
A  und  B  on!  (.■onntetrf  with 
Ihv  inner  oouting  of  ilw  jar, 
and  the  knoh  C  at  the  eic- 
trvmity  of  the  sportsman's 
l^n  i»  connected  by  a  wire  goLog  down  the  Ggure  with  tho  outer  Ooifi 
The  figure  admits  of  being  tum<?d  round  upon  a  [un  D  a[  it*  Ibob  Ss 
light  subMonixa,  cut  in  the  sliiipe  of  biids.  are  Buapcnded  \ij  oot 
thrtwls  from  the  ball  A.  Charge  the  jar ;  the  tunls  appear  to  fly,  vm 
ru  tlieir  mutuul  repuldon ;  tuni  ihv  spntlsnuui  round  until  yin  Uinf 
muzale  C  uf  Ilia  gun  williiu  utrikitig  ilistiuice  uf  llio  Kirark  j  al  Iha  ■ 
mmt  the  map  and  spark  of  diai'h]ii][e  bkkic  place,  the  piUi  Unb  affi 
to  fall  down  u  if  they  were  phot. 

Eip.  8.  To  ignitt  nttan.  —  Tic  ■  bit  of  cottun,  mixnl  with  ■  111 
powdored  nun,  on  otiu  of  thi*  knotn  of  the  juintvd  lUKborgeri  pfacci 
other  knob  in  contact  with  the  oulur  coBting  of  »  ohurgnl  j>r  i  bring  i 
kiinli,  eavcrcd  with  the  cotton,  within  striking  dirtiuu-v  <tf  tin  kitd) 
tlw  jar:  and  the  i^uuk  will  ignite  tha  cotton. 

£jcp.  9.   To  prrfimUt  a  t«r4.  —  Hold  ■  dry  {dcoe  of  ennt  |in(«r  la  si 

tact  irlih  one  of  Ihe  knobs  of  thn  jointed  diicliTitCT :  dWW))*  dai , 

Ihnninh  the  cord  [upcT,  and  it  «iU  he  found  to  be  pericinl<t]  ly  tl«  p 

«age  uf  ihe  spark. 

DischargT  thcjat  thimigh  tlirecorbiir[dcoaar(Btdiapa, 


Fig.  TO. 
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»  in  lht>  lajrr  «-ill  be  alwaya  fiiuiiil  (o  be  buirwl  pquall»  on 
m  IT  till'  i-lH-trk  diiiil  hwl  muie  from  the  middle  of  the  card. 
r.  10.  7»r  nHtjnc  /nrlMrr.  —  This  u  siraplj-  a  pane  of  gJeiSs  plau^ 
HDir.  aiicl  nnitnl  tin  Unh  i6da  with  tin  foil  within  n  tevr  inchei 
hIUM.  It  Ktmwm  the  tome  piirpmc  as  tlic  LcyiLun  jar.  (Iinrp 
b  «f  Ihi'  {iliitc  nfliT  the  mnima  dtecribetl  in  Exp.  3 ;  disdiargc 


Blheu 


■ 
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—  SIbIw  on  elfctric  pendulum  of 
h  wtlli  pllh  bails  at  the  end  of  it,  u  reprccentei]  in  Fig.  J'i*  Unt- 
)r  die  pvniluluia  on  the  edge  of  n  rharitcd  plate  of  glaes  i  the  psiilu- 
kwJU  nbntoi  Ui>  UiUi  •llcnuitclj  etrikt  the  plote. 


An  eli*lriuil  battery  is  funned  when  several  jars  e 
il  lugeilwr.  l>y  eHloblUhing  a 


I  all 


r  inner  wntin^.*,  uiul  a  Hiiui- 

iti  between  all  their 

'  cnatliigH.      The  jars  ore 

I  wooden   box   lined 

h  tin  fittl.  upon  whidi  tlii!  jura 

]  whirh  furms  ilie  coti- 

I   brtwi'ii)    all   the    oiiiT 

J  Ibe  ijiixr  eoaiinits  roin- 
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togi-tJitir  hy  tnoaiu  of  otctal  rode,  vhich  cuniicct  tbe 


•2i 
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various  knobs  of  the  jara  togellinr.     The  liaitoty  la  u 
dischargi-d  by  meitns  of  a  iihain,  which  baa  onit  of  it*  latii 
itiea  fixed  to  the  tin  foil  of  the  case,  and  the  other  cxUvou^ 
Bttttched  10  tlie  knob  of  a  discharging  rod. 


DISCQARGtNO   ELECTROHETCRa. 

31.  In  these  i;le<.'trometer3,  the  inlungitf  of  the  dn 
is  measured  by  the  length  of  the  spark  at  tlie  inati 
discharge. 

Lane'i  dUoharging  tleetromrlm;  —  This  i*  an  tndU  «  ' 
JXMIJ  1-vydea  jar,  huving  mi  ana  r  rf  «  Utoched  to 
the  cnnduc:ting  "wire  a  A  v  the  hoiitcHitaJ  pari  v4  act 
gLwH.  ociatecl  ovir  with  aheU-lac  :  the  leniual  part 
if  B  in  s  fara«  rwl,  haiing  B  riiig  r,  in  which  lint 
gmliuUed  wire  m  o  slides  md  tGrminiiting  in  a  knob  : 

V;    tlic   diAnnce   between   ihv   knoba   a  and   b.    and  ^ 

c>BMt]uentl]r  ihc  Icnf^h  of  the  Rpatk,  can  thin  bi 
nuwnred.  To  u»  the  jar,  onintcl  the  extxianity  m 
of  iho  sliding  wiir.  by  mooii*  of  a  choin,  with  tba 
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uatft  cnatfog  of  the  jar,  and  Ibiai  adjust  ibc  diatancp  bt^nent  the  kiuilj* 
s  Old  6  tii  aiut  tb*  aniouul  of  uhiir^  whii:h  yoa  with  to  give  to  the  jn. 
Brine  iW  tuuib  A  near  to  tht  iiniiic  vondaiitin,  und  nintinue  to  niirk 
tt*  BiaHime  untU  ihc  dbehaigc  take*  plnoe  between  tbe  kuobH  b  hiuI  e. 
I'Jf  Um  knah*  6  and  n  nie  placed  xerj  near  together,  the  uiienauag 
0  triU  be  pcneiralctl  bj^  the  spark  when  anty  a  nooll  charge  hoa 
.  glToi  to  Ihc  jivr ;  but  if  the  distance  between  them  be  io- 
I,  ibm  0  mnn  jiowtTful  charge  may  be  given  before  the  apoD- 
>  dbidiargc  taka  place.  If  the  Mine  dlGtiuice  between  the  baUi 
B  nitaincd,  ihcs  the  discbarge  will  olwajn  take  place  when  tbe 
mfi/OMmCf  at  cln'tricitf  bos  bt>cn  trsnsmittod  to  the  jar.  This  jar 
tf  w  n«<d  to  tcii  the  ivlativc  poweis  of  two  cJixtrit.'al  machiiiGB ;  in 
ttds  In  do  tbi^  juu  placi)  tbe  bulbi  o  and  A  at  a  certain  convunicnt  dis- 
tance  bum  ocb  Mbei' :  tbiji  tbat  inadiitie  nil!  tx-  mu>t  pnweiful  whieb 
s  iLu  jtr  to  be  ifiKborgcd  with  the  kubt  number  of  tunu  of  tbe 


(  itKhari/ing  rlirtmma- 
— TW»  appaiMus,  rcprtsaitHi  in 
'       ~         '  e  discharp,'  ol'  it«-lf 
n  tbe  Jo-  ot  batt^}^  has  arrived  at 
tlu:  Emit  nf  its  charge. 
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vt  wood  himg  on  !hc  other  fiii  the 
puijxKe  at  Wing  npiilied  lo  the  statace 
at  All  deptcified  body.  'ITic  weight  ne- 
etaary  br  overoDming  Ibe  anntction  of 
the  elcctnfied  niiftce  on  the  gjlt  piece 
of  wood  ii  ttktti  M  the  Tdnlive  meaxure 
of  the  intouicy  of  the  eleclrtcily  on  the 
■UT&ee  of  Ihc  dcctiifled  body. 


Flf.n 


EFFECTS   OF   ELEOTHIC   DlaCBABUES. 

SI.  The  following  experimentB  may  be  performed  with  a  rin^  j 
but  the  dieca,  in  moBt  caxa,  will  be  morv  i^lrikiug  whon  •  batter 
UHd. 

Erp.  1,    71*  thimder  Aoutt.  —  ThU  appuratus  llluK-  C 

tnit4s  ihe  use  oTmFtnllic  roils  aa  a  protection  to  building* 
faaa  the  effccla  fit  lightning,  and  alao  nhows  the  use  of 
poinltd  Todi  lU  tTani|ull  conductors  of  eleebricity-  The 
coiiductoT  C  D  ia  broken  at  A  and  B  by  two  little  irpime 
Bli]«  of  worxl  haniig  MndurtLug  wires  jm-ving  through 
them,  nnd  whkh  nauy  bp  iiiBertwl  iii  their  jilmes,  dther 
with  ihi-  conducting  wire  bniken,  as  at  B  in  the  figut^ 
01  with  the  conduciiiig  wire  unlnoken,  ua  ut  A:  the  boll 
C  mny  be  tcrewod  off  the  wire,  and  then  it  is  tssdnatHt 
by  «p<nnt. 

To  ia*B  the  njipamtus,  flrst  let  the  boll  C  be  servwed  on 
the  lop  of  the  conducting  wire,  and  let  the  square  slipi  be  plaoci}  ■ 
the  figure  1  cvnntct  the  extremity  D  of  the  cimdurtiiig  wii*  wHti 
cuter  coating  of  a  charj^  jar  i  place  one  Iinob  of  the  jointed  in 
witliiu  ttriking  distance  of  the  ball  C,  and  gradually  bring  t)W 
knob  of  the  diwhurgia'  within  striking  dJJitancc  of  the  knob  of  Ibe  J) 
(he  di«ruptiTe  dftct  of  the  charijte  will  throw  out  the  slip  B,  wUl« 
icmniiis  in  'nt  plitcc. 

Perthrm  tlicsaroeespwimcntwhen  the  boll  C  is  taken  off:  tiMehn 
will  piBH  quietly  thnit^gh  the  point,  «nd  both  slip*  will  remun  in  tl> 

Kip.  2.  Tan  rJortrte  ftomi.  —  A  minty  is  made  in  o  »  s 
hlcxk  uf  wood  C,  and  cbsed  by  a  «itk  It ;  two  wit™ 
A  and  B  pn»  into  this  cavity,  hnving  thdr  point*  atout 
a  i]narter  pf  an  inrh  osanilcr,  Now  nnuirvt  tlii'  kiw,ib 
B  willi  the  cxtcrioT  eontiiig  nf  a  jur  or  bnltirry  ;  and 
with  the  kooh  of  Ihe  duKharging  ivi  in  >iini(Bct  «-ilh 
Ihi'  k-ioti  A,  di«hanto  tbc  Jar  «  hatMTy.  and  the  cok  -mil  he 
)a({i<ctcd  Inna  the  cority. 


n?.  Tt. 
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Fig.  80. 


I  :rn<r  Willi  »a\tH  ;  tnuiunil  a  rluir^i?  Ilimtigh  'A;  and  the 
'    y-M  UixpviM  UuMod  iu  all  dircvtium. 

/  <cat»r.  —  'I'muniit  a  atrong  vluirge  Oirnii^h  thu 
r.  li  111  aQ  ditcctionB. 
,.,./ — :<,  yloMt.  —  FU]  a  vial  A  (««  Fijj. 
(JufE  it  with  ■  uark>  thiougb  which  a  wire 
»,  hating  it*  Inttvt  enil  eo  heiit  that  its  point  shall 
h*  ianer  nurTiu-'e  uf  the  vial.  Cuouect  thu  ejttnmiil]' 
■villi  tlw  <nitRnl«  (.iioling  of  n  thargcd  jar ;  plHoe  the  knob 
BoT  llM^vatcd  discharger  oppunte  t<>  t])i;  puiiit,  then  dia- 

t*  tho  jar,  and  the  spailc  in  its  pu'SBgc  through  the  ghue  will  make 


nay  idso  bd  porfanucd  by  wmpendiiig  the  vial  from 
■cainduttot  uf  a  poB-cHiil  machinei  and  taking  the  iqiuilt  &iidi 
)t  piM  If  bringing  a  tmun  ball  opptuilu  to  it. 

,    To  bmak  vood  oitd  tfiuH.  —  Trausmit  a  vtnmg  charge  through 
1  iif  wood,  in  Ihc  dinvtiou  of  its  &\ttet.  nlxnit  half  an  inch  thick : 
J  will  he  apliu 

MlMrgie  a  joi  nr  batlnry  thcnugh  a  plate  of  window  glaiia.  after  the 

■  lUKnlKd  lit  pa)(e  2o2,  Exp.  9  :  the  gloM  Hill  be  bcoktn. 

■b  &.    To  mpturr  tuhttanea  lehifjt  art  imperfect  amduetort  of  tlte- 

-  PUco  KeviTul  dry  cawds  together  between  the  knobs  of  the  iini- 

m-hainfti  paw  aiitroiig  cluuge  through  tbciD,  and  the  Bpsrk  will 

M  a  huk  thniugli  Ihcm.     The  cardii  wiU  have  a  pwullar  sulphuioui 

f^  |Qh«  tku  whiUi  in  pciudvu]  in  pluco  after  ihi.y  have  been  etmck 


may  be  ruptured  in  the  bbiq«  maanif . 
M  ■  ficeg  of  dry  writing  paper  on  the  etnge  of  the  Qnircrsal  dis- 
t,  lajr  in  knutj*  un  llio  i»i>e!,  at  the  dibtanee  of  an  iueJi  ^d  a 
n  ^eii  olhrr  i  thai  truiiunil  tlic  charge,  and  the  piueage  of  the 
if  (Ullicimlly  »1n)n([,  will  tear  tlie  jia|KT  niundcr. 
qrajrireoorptTforBicd  tin  Inil  Ijuwent  twn  iiaiiuof  glow;  fix  thorn 
f  ta^Mha,  inrl  trunnnit  a  nrcmg  i-lioff^  ihruugh  the  tin  fiiil :  the 
t  glaa*  will  be  cplit  by  thr  disduugc. 

■  Ah  ttrdrieal  (ArnicmMfer,  ttimrlimia  caltfd  d 
—  This  jiarv  of  apparatiu,  Teproentcd 
1  b  inUndod  la  «how  the  momrntory  cxjiannon 
ir  findurvd  by  the  hflit  of  llic  qinik  in  it*  t'<>»>e^ 

■  Jr.    A  i*  an  air-liRht  tulio  pomniimitaliiig  wiili 
I  li  whirh  Ui  open  it  the  tup :  a  and  A  axf  two 

itrrmitia  of  win*  poiaiiig  out  of  the 
1  UijuiJ  Iwlow  Ihv  IcTcl  of  the  kiioli  i  Htaiidii 

■  iHlfhl  in  ihv  two  tuba.     Wlun  a  chariot:  or 
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tpaA  li4!NS  finm  a  to  i.  thi*  ilr  in  A  expuidn  b*  tltc  tint  devi 
by  the  piitsoge  of  the  spiirk ;  the  liquid  iii  A  will  Uiirduni  &U, 
that  in  D  wkU  iw.  TIif  strui)^  □!  thd  dectrie  cliBige 
tbc  omtnuit  of  eipansiiin. 


HEATINO    EFFECTS   OF'   ELIiCTKIC   DISCIlABCEa. 


33.    Exp.  \.   hjixiliim  of  ntin  «pon  anttr.  —  Sprinkle  (onw 
nan  on  the  sariux  o(  vnlcr  conloined  in  a  cup ;  conawi  the  witor  < 
ing  of  a  charged  jar,  hf  meuu  of  a  chain,  vith  the  wntir  in  die 
dixchiTge  the  jar,  hy  cniwng  the  spuk  to  pas  thniugh  tliu  nnn. 
w31  instantly  ignite. 

VariniM  other  aubHtonca  mnj-  be  ignited  in  a  niniiiaT  monnra'. 

Eip.  2.  PliU'C  a  sktin  of  cottan.  liiipri^ntHl  with  any  rcnnmn  pdi 
Aer,  on  the  stage  of  the  univnsal  dlwhiirgLt;  paia  llicipntk  ihmugll  % 
cotCiiDi  and  It  will  be  ignited.  IIub  is  aaothcr  way  Of  ^atatnUtif  Sa 
8i  explained  at  pagv  252. 

Exp.3.  Expbaian  of  gunpawder. — The  igniting  powir  of  m  dlMBll 
(pork.is  intTOBKcd  by  possng  the  charge  through  a  dntnp  candactor.  . 
tMH  liray  wc  are  enaUed  to  Ore  gunpoirdcr,  which  canniit  be  ignited  1 
thi!  spnik  under  ordisBry  drnnnstnnccs ;  place  fume  line  gnnpawdar' 
the  woodi'n  ctip  i'-,  (Fig.  T!>  ;>  cartj  the  fluid  for  sbmit  lii  inclua  ala 
a  damp  tbrmd  atlndicd  to  that  mm  of  thv  divchannT  wfaieh  )■  m 
IiKt«tl  With  the  iiuiET  conthigof  the  jor:  thi^n  the  pd^wje  of  ihaa^ 
imm   the  uid  uf  one  v:'aw  to  the  end  nf  the  uthur   H-m  iptita  t! 


Utfuthel 
thc|bagc< 


[u  the  molit  thr.iid.  being  a  sonM^n'hai  iinptrfnt  rondtiirtav  rota 
■c  of  the  ciectni'  Uiijd.  uid  Hicrehy  iiaimeM  the  diachaina  u  U 
(ilaeo  with  litt  npldjty  than  it  would  othcrwiwi  du. 

Eip.  i,  A  Jltu  ipin  ki'atiit,  futivl,  and  huntfd.  —  Stretch  ■  Inr  intt 
of  very  line  luiqischcitd  wiiv  lieiticni  tlie  rniln  oT  ilie  milivnal  t 
Ehatgia,  (Hv  Fig.  33 : )  &end  a  good  charge  through  the  witv,  and  It  « 
bo  cither  rniderrd  incandescent,  or  it  will  he  ftiwd.  Th*  iRigtb  ot  •» 
which  tuny  he  fuwd  depotdi  upun  tho  nic  of  th*  battery  uxl  Ifca  iiUl 
d(y  at  the  char^.  A  fantCcry  eompowd  of  half  a  dnxen  ordinaq  jf 
and  fully  dmrjccd  hy  a  good  mui'liine,  will  riailUy  fiiw  about  tU  iwi 
of  fill*  hoipsichiird  wir<?. 

The  hiolini,-  ■■ffi-cW  (if  dcctrii-al  ct,an;.B  im  dW.H'Uf   ini-liili  Arp, 
m  that  uonduvling  powen:  Ilnis  platinum  anil  liT>n.  uhli'li  an  ) 
Pinidiictors  of  elrctrii'itj-,  become  iiirirr  jnwcrftilly  h™i"l  liy  fhr  poK 
I  diMtriod  ehntf^  than  gold  oud  oqipcT,  which  aii>  ipmtl   a 


KLBOTRIOITT. 


I!  thertivi-cltvw^aipf,  icjmsnitcd  by  Fig.  82, 
t-.  L  i.  :■.,  ininuipli!.  U 11  A  II  has  ihe 
[Ii(.'i-ni<nii:ti3i  s  iiUtinum  nire 
.'I '.'.Olid  i£  1iernii<(ii.-ii11y  staled 
._  .!_  ^^  1  ..  _ii  ^I'.i.triu  charge  is  ttansmitfpd 
vUdu^U  till  |'l"^Ti"""  uire,  il  beivmca  hiuEcd,  anil 
iliii  cwDB  tin;  air  iu  Uie  bsll  C  to  expand,  wlucb  is 
uunuitlj  ifiv^r  nuuultiht  ty  the  r&c  of  llie  liquid  in 
Ox  labv  A  B.  I1>c  gTailiinted  «cb1c  on  A  1]  gives 
the  iihlin  twoiiiig  imwtm  or  diiiWcnl  Lhargis. 
TbB  ii««i  mill  111  ■»  U<t  aduiiliil  to  the  tncaiurGment 
<J  the  lim'.inii  pf\n.T  ul  voltaii  oU»;trici[y. 

/..._„,  ^      f,,  „:,.,  ..,,.1 /i^ion  o/ -fold  haf.  — Vim 
.1  til  I  ■  I  1  _,  I  I  :    I    -  t'lLMi  two  jdecfs  ol'ilry  pt^wr; 

:E^  till':'. 'i'  '  r''l<   i>f  iIk  iiiuTdval  duthiugcri 

ju>«  n  -•''!  I  Im'f:  '  r'Minigh  tb«  gold  leaf,  and  it  will 

Iw  Ininil-    Itirth  )u>'f>i-  at  yn^  wil!  tie  tcvercd  uilli 

■  intpir  'trip  of  oxide  uf  gold  i  the  strip  bu*  a  grayish  tinge  whon  the 

liaU  k*f  Tonldint  >  portion  of  wItvt. 

Etf,  6.  {"Iocs  D  nooil  fait  of  gull]  Inf  bttwccn  two  pieces  of  windDW 
tiam :  yroaxd  aa  id  the  lost  cxpairaait,  and  the  gold  will  be  fiiwd  into 

fef.  '.  f^Otan  of  pilt  tSrnut.  —  StnNch  B  pit  tfarcoil  of  nlk  be- 
tmMi  tbe  «xtnroitia  of  the  uuiviru]  dischitrgiT ;  emi4  ■  dwi^  chrou^ 
iha  (hnniL  and  tbc  dcctric  fluid,  iit  ib  inuaagOi  wiU  buni  the  gUdinb 
•ud  the  tUk  wiU  rai 


^.83. 


■mmOLoniRAL    EFFKCTB    r 


'   KLECTHIC    DISCBAROeS. 


.  Tho  •ffiis.ttinn  nf  a  Njiidsi-'s  reh  Mns;  ^nv/n  rver  tho 

il  llw  jH'i'uliftr  (ilLOijilioric  oiKir  ntli-iidiii^  ihi-  Irnnxmii- 

Bof  filectrit^y.  nn- aiiiAnt^t  ilw   ino-l  onlinni y  plivMolugi. 

I  of   rlirtridty.     Whfti  n  sirong  flectricil  charge 

I  fbroa)!h  tin-  tiwly.  il  L*  iUTOin[)anied  by  a  «hii>li]iTing 

Klan  ftnil  a  «u(1iluii  contraction  of  tlio  miKrlw,  which  is 

sVnVr  t/ioek.     (Srp  Exp.  i,  i«ig«  231.)     The  ilis- 

(  fiwii  a  siiipl*!  jnr  i«  sulfiriMit  fo  da=Uoy  the  lift  of 

niranUi    irntl    iIih    disdiurgo  of  a   powr-rfiiT   battery 

b.  t)w  luittd  uf  n  Urg«  aiilnuil  i»  enougb  t«  kill  iL 


2C0 


NATCRAL   AND   KSrEBIMRXTAL    Pntl-OfiOPnT, 


Erfi.  I.  In  taking  ashock  tram  a  jat,  interposu  in  •□me  part  of  C 
(ucL'uil  a  donip  rope :  then,  instead  of  the  ubusl  nliodi,  tbern  W(U 
mocly  a  tiligling  UGniuiticiu  product^  at  the  tips  of  tbe  Sugcn. 

1^1^.  'i.  Place  the  hcud  of  a  live  mousi;  (wtwaai  Uic  wti«  or  llic  ui 
venal  ditcbarKV  •  tend  a  ntung  bIldcIc  through  it,  sud  the  mouw  wtU 
jnrtfliHly  killcd- 

UAGNETIC    ErTECTS    OF   ELECTRIC  DlSCQABaBa. 

Z6,  Exp.  I.  Place  a  nnal]  wwuig 
needle  in  a  heSx  or  apital  fanned  of 
copper  wire,  a  i,  (Fig.  83.)  covered 
over  with  silk ;  place  the  ends  of  tlie 
helix  in  coutuct  with  the  amis  of  the 

univeraal  di^cbac^tr ;  tratinmit  a  strong  cluuge  tlmmgh  tbe  vntt,  md  1 
needle  will  be  rendered  magnetic.  The  end  of  the  needle  whitdi  Uca 
the  right  of  the  electric  citirent  will  be  a  ucrth  pole,  and  the 
end  a  south  pole. 

£171.  2.   RevcTM  the  Erection  of  the  needle  of  the  last  ex] 
trausaiut  two  or  more  charguB  of  Elecuidly  throogh  the  helix,  • 
pntee  of  the  noodle  will  lie  rGYcnnl. 

The  miigiii.'li(!  ctTucts  oF  common  eloclricit}'  are  very 
as  compared  wilh  those  of  voltiuc  ctectricity.     The 
tion  of  tliese  plienomttna  will  be  given  iu  connection  iritll 
subject  of  galvanism. 


Fiy.  83. 


CBBmCAL   EFFECTS    I 


'.   DIGCnAROKS. 


8G.   The  chemical  effects  of  the  ordinary  p.Iectrio  currt 
like  the  magnetic  clfccla,  are  comparatively'  feeble.     Tiie 
lowing  espcrimenlfi,  however,  ehow  that  ordinary  elearidt| 
realJy  puBseases  a  decomposing  influence. 

Erp.  I.  Place  two  piceoiaf 
tin  ftril  f  (  on  a  ibj  pue  of 
gUa  G  0 ;  on  tlivw  |neca  of 
tia  foQ  \»y  plMinitm  wirm.  hmt 
in  the  inaiin(T  kIiowii  !ii  Fig. 
M.  (O   that  thai'  ihall  be   a  r.;.  ». 

11  Bpoce  betWL«li  the  two  puinta  al  it,  whi'iv  thiy  tuu<U  ihf  |^ 


BtAcnucfTt. 
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tt  tti»  body  vMch  b  bi  be  dccompMcd  is  [ilncnl.  Luy  tlip  gUn  G  O 
la  of  tbe  anivenol  disclu^er ;  place  iu  twn  knuls  on  th<t  tin 
oooDfct  one  at  them  by  ■  chain  and  a  muiat  Ibriiu]  with  the 
luctor  rtf  the  mocluDr,  and  the  otbur  with  the  insulated  cuali- 
«  B  dm])  nf  a  aolutiaii  ot  Iodine  of  potEtsdiutn  nt  /i,  tvlH-ecn  the 
yUdnum  pomti ;  turn  ihr  mAchme.  and  after  a  ahoit  time  the  iudiue  wlU 
he  depaited  at  the  pmitive  vac,  oud  tlie  taetuUic  poMasiuiij  at  the  acs- 
itatr  win.  P«rfiiRu  the  tame  cxpeiiiueiit  with  a  drop  of  a  Bolution  of 
ndpbotc  uf  copper,  and  so  on. 

Thoe  CTjmiinait*  may  be  pcribrmi?d  with  more  delicacy  by  xadag 
M^'i'-g  pBpCT  aatnnucd  with  the  solutiom  i  tlius  paper  dipped  in  a  »lu- 
uon  ot  ialiiic  iii  iilcuhnl  will  readily  give  a  hlue  tinge  ol  iodine  oti  the 
papa  ta  otntaL-t  with  the  poattvc  wire. 

The  dooinipiHiDDn  of  water  by  oommoD  dectiitity  was  first  ahomi  1^ 


Spsrlu  iSaehorgul  fnr  a  kngtli  of  time  (braugh  the  air  of  a  clwed 
i«u«»g  catnc  the  two  gases  in  the  aii  to  combine  and  fi>nn  nittio 
miii  i  in  ihit  wqr.  tm  douht,  tiltiic  tcid  is  fijinxd  in  the  Btmusphen:  hy 
laming. 

Emj^  3.  Ilaco  a  floe  metal  point  in  connection  with  the  prinie  cnn- 
dticur  nf  (hi-  mai^hinc;  work  the  machine  for  Home  tiuie,  and  (hoi  bring 
the  nwtai  frinl  in  eontiict  with  the  tongue  ;  n  faint  add  taste  is  felt ; 
legadn  ekctiirat;  will  pndace  an  alkaline  toato. 


D19THIBCT10W   OF   ELECTRICITT. 


■ 

^^K  87.   Tbe  etectric  fluid  arrangce  iuelf  apon  the  surfaces  of 
'i      eODdnctors. 

Eip,  L   A  is  an  electrified  metal  ball,  suspended  by  a  eilk  thrrnd ;  B 
re  two  hollow  metal  hemiepherea,  which  exactly  envelop  tha 


proved  lij  n: 


n  nil  the  dcctritily  which 
va  at  the  eli-ctruBCupt!. 


biCTAL  rniLOSOi-iir 

St  Gnt  in  A.    Thit  nutf  be 


The  Proof  Plane. 


Td  ihow  in  a  more  complele  manner  the  superficial  distribn- 
tion  of  elcclrioity.  n  miaU  piece  of  appaniuB,  colled  a  pnn^ 
pian*.  ia  tuually  employed,    Thia  appatatuH  la  rcpro#iittd  in 
Fig.  fid,  where  C  ic  a  gniall  di»k  dI  gilt  paper,  fixed  at  the  end 
of  a  itiek  of  gum  lac  A  B.    In  uaitig  thi«  iuairuniuiE,  a  point 
rf  Iho  dettrified  aurface  is  touched  by  the  pniof  plunr,  which 
being  coiried  to  the  torsion  clectroroetcr,  the  inimtltj-  id  iJie 
deolricity  at  the  point  touched  by  the  proof  phuie  ia  Lndlcattd 
by  the  deUection  of  the  needle. 
*     Bxp.  2.  A  is  a  conical  muBlin  bag,  fixed  to  on  iitfulntod  mcUl 
ring,  fomiiiig  Homethiug  like  a  bultcrfiy 
net :  B  and  0  are  silk  threads  attached 
to  the  apex  of  the  cone,  one  oo  the  out- 
side and   the  other  on   the  inside,  by 
which  the  cone  may  be  turned  outside  in. 
Let  the  oone  he  charged  with  eleotritity 
by  meant  of  a  carrier  hull ;  tot  the  elec- 
tricity of  the  in«ide  and  oiittide  mirfaets 
by  means  of  the  proof  plane ;  then  it  nUl 

[  be  found  that,  while  the  uutsidc  surfhce 
ia  charp^  with  elKtzicily.  the  innde  snt- 

f  fwG  b  Bitirely  free  from  it.    Turn  the 
n,  and  tfst  the  surfaes  as 

I   befiire ;  the  Kurface  which  is  now  outside  wiU  contain  all  the 

I  and  that  which  is  now  inradc  will  be  entirely  live  from  it. 

Thoc  eipcrimoirtii  clearly  diow  that  the  rlocuicily  dlitrihoiiB  iUtU 
upon  the  exterior  mirfnce  of  a  eonduftjug  body,  Ijut  not  on  the  tMa»*{r 
Hurbice. 

The  fbllon^g  eipeiirowit.  iir^t  pivoi  by  FarndBy,  ortJilJisho  the  ^ma 
jninciple,  aa  well  as  an  important  law  rdadTc  to  the  Induction  of  dcft- 

I    tridtyl*  — 

■  By  applying  his  thcorttieiil  li!ri>  Tii  ntln'r  ari!  'lilT'-ti^ni  ;>1ii-no<nfna  kI 
I   atatical  cliKtricity,  Pimdiy  1i !(-!  i<  '!:>dlyla 

I  dldrilnil*  Itwlf  on  the  (orAiee  <  < !  ,  Ikan 

1^  Mai,  and  Uutt  the  expethnenta  <> '  ,. ,  tnm 

niviit  Bl  thHr  turf .11 1  ,  nniimer. 

y  vli«rK<',  acciirillng  lu  iln-.  iri"iM  t.  un  in-  uu^ni.   :.-i]  m  the  Ittl*- 


^1^ 
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^ 
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1  rlH^rifiifl  linll  A  i«  «i>- 
I  hi  tW  intiniiit  of  a  aetW*  of  jan, 
M  irittiin  the  nlhcr,  and  sqi- 
ach  othor  li;  plua  of  gtuu 
I  in  PIk.  SN  ;  tin-  outer  jnr 
a  wltfa  a  gold  leaf  ulectra- 
G  love*  of  whii^h  I.  diviir^ 
Btl  Iho  clccliiftcd  lioll  A  i«  in- 
Ilcrc  indocllon  take*  jilnoe 
fi'HB  Jar  111  >u,  until  at  luM  tht-  oulct  sur- 
fare  of  ibc  >ir  U  bwomra  dFCttiQvil. 

rpou  tisluig  Uii:  dL>ctndC)'  on  iUc  aa 

(ace  of  the  jut  I17  meou*  at  tlw  proof 

{Jar*.  U  Kill  lu  found,  while  tliu  outir 

MUftos  of  tlie  jan  oU  omtain  dcctricicy     , 

the  imaa  ■uriacot  aic  entirely  true  from  it. 

^^^   Wltili!  the  gold  loiTts  L  are  divorgrait, 

^^bl  dv  rlKCrlAtd  txill  A  touch  the  ode  of 

^^Kft»  iBflv  Jai,  and  it  of  couth:  tmn.'imiia 

^^^Bb  abeoiilly  tu  the  jnr,  ontt  llic  gold 

^^^^to*>*  a^lfctr  ilivcrg:?  mure  nor  1e»  lluui  hefijre.  Thia  Exporiiiirait  proves 
^^HpH  Ad  ekctridtj  poMcwcd  bj  Uic  hoU  U  cxavtl;  equal  ui  quBitiity  and 
^^^tl.pffira'  la  thai  which  it  devt^lop*  by  induviion. 

lint  of  B  lody,  on  acnrani  of  lbs  oppOKte  diicclions  of  thr  elKrlridtia  in 
■aeb  of  Ibc  bitnibi  puticia;  obcmn  the  tMultiiix  flTiL-t  is  iinll ;  iihilM  IhB 
Imhirikiii  eirrii-i'il  I'l  oi'i  n.ir  ("ulip*  midcn  the  tlwtridty  nviiBlhle  on  lbs 
ir>ling  ikrlMtiinty  mint  ihovitMlr only 
'"i>,  vkatmet  be  itJ  mnduciiblUC]'  or  th* 
'  lilacifd  within,  P«»d«)r,  in  tiwt,  dt- 
I  ii'viq  oO  of  turpcndue  plicri  in  n  ntptal 
..[■i^vittii  I  liittfidty,  etetpton  dip  milprioT  mirfn"!"  of 
L  IIf  iU.i>  iiiii.iimiteil  ■  nilnail  chnnbCT,  tiwHr  fii't  in|iuirf,  tlio 
liiln  uf  niaili  were  iiivnred  ontride  irilli  tin  foil ;  >>•■  iii-tiliiinl  it  1 
T  bsriug  uitiiKlucfid  into  it  eliintr>H<rO]ws  and  ntUT  oIijf'Ik,  lt^  d''r- 


linrilh  1 


COR  machi....    No 


I  Whiltl  (ODnidnaMe  uparks  and  hiniinmui  hroahni  ilaiiird 
1  tb*  ciierior  Hirfai^i!.  Wlule  lliui?  ri|<rriintiiti 
nb,  In  wht*h  bD  oprratcd  on!r  avn  eonrtii'iliifr  boil- 
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JO 


Fiff.  89. 


The  iiiwnsilj'  of  l!io  (•k-rtritdtj-  uiwn  a  rondut 
depeiiLld  upi>«  [lie  extuiiL  of  tliHt  surlaco. 

Ejy.  3.  A  B  i«  an  insnilnted  mc- 
tunic  niUet.  which  taaj  be  Hinted 
by  tliK  inmlatcd  handle  H  ;  D  i^  a 
pilh  trail  e1ei;lnMcope ;  C  ia  a  luo- 
lallic  rilihon  ctuled  upon  the  rolica'. 
Xxt  the  roller  be  charged  wilh  alec- 
tHrily.  then  the  ball^  D  will  divcige 
finin  each  other,  indiritiing  the  in- 
tenuiy  of  the  chugc  i  let  the  me- 
lallic  ribbon  be  mirollm).  drawing 
il  b;  nieauE  of  a  silk  thieod  at- 
tached to  the  extmniity  C ;  then  the  balls  D  will  opjirowih  meh 

nocumiiluei]  at  the  nirtnce  of  bodies  not  spheriol.  it  would  alwaT*  ^ 
armrdiiill  to  Parada]''>  tbcoi?,  upoa  Bome  poiota  of  tbe  Burfao*  hilaf  • 
piM«)  to  u  ^Ktut  arnnuat  of  tnducCiTe  torcat  Ihm  o^en.  Ttuw  Iha  ntn 
itiM  of  a  ryliuder,  or  Of  an  dongated  pIltpBoid,  would  b*  more  strongly  d 
triced  than  iJii?  rr-il  of  ihe  surfnue,  becnuee  there  go  from  tlwni  4  ^tw 
Duinticr  of  filonimiB  of  paUriicd  putidei,  establishing  with  nunviadj 
oiitdnmn  the  conununioation  necessarif  Ibr  iuduetion.  A  point  !•  far  H 
pcrior  in  this  respect ;  tbr  II  is  the  eentie  wheuce  ananate  in  ill  difMd 
the  lines  of  inductive  fbrce,  which,  for  example,  when  it  ball  b  ia  ([lUiMi 
■ro  (bund  distributed  over  a  greater  extent,  and  do  nol  set  out  bem  a  tin 
.    pmnt  only,  but  equally  fhini  all  poiuU  of  its  Eurfare. 

In  the  theory  chat  we  hare  (Kcn  explainia^,  the  mufusi  r^ulxdon  of  hW 
eharg^  with  the  umc  electricity  is  only  appaivnt ;  il  is  called  iulo  axin«! 
became  there  it  no  electricity  an  tbe  aearer  mirfaces,  and  )»'Fiu*p  each 
Out  bodies  Is  attracted  in  opposite  dirccliona  by  the  suiroundiTiu  lodira,  O] 
which  induQlion  detonninM  an  electrical  stota  dissimilar  10  tlicir  own. 
Bu;  aven  prove,  by  means  of  the  proof  plane,  that  the  two  sold  Ua(a  of  a 
deenoacopc,  when  they  are  diTcncing,  ban  no  dealricity  on  their  ititafivr  h 
hec.  whilst  they  are  stroagty  ■lectriicd  ■ilvriotly,  howein-  thin  tluj  naj't 
Id  olhet  mpecta.  RepuIsUm  is  also  explained  by  attilbuiing  it  u  ih*  MM 
tioo  excrclaed  upon  each  of  the  gold  lBai-«  by  the  evntraty  (dntdatt 
ilnvloiied  by  indiirlion,  in  the  strata  of  air  in  contan  ailli  tlirir  m«ri 

pmbiblt  tluui  that  in  whiuh  it  is  rrgarditit  aa  dvlennini")!  rvjiulrion  by  il 

KjnstfTT  iinmHurD  fh>m  within  oulwnnls,  than  inwiutla  fr 

»K*tri>n  upou  clcetritcd  bodlrs.    lluwnet,  ihv  |ii|»'rii:i 

t«]iiilsion  lakes  |ilace  in  vacuo  u  >vtll  at  di,  would  "  ' 

mty  lothne  twn  eiplatuttiorii,  vii-vpt  Unit,  lit  tbi>fi>ii:i 

hy  tnluidliiD  of  the  ambient  bodies,  oin  wbi»  Uti-y  •' 


1I.ECTRICITT. 


If  III  the  clK-trii'.tij  IiRTing  licooiiit!  ([mud  over  a  grmtcr  extent  of 
s  kt  itic  ritiUii  be  luUcd  up,  by  the  ioiiulstnl  handle  II,  and 
p  pllli  baU*  M^  again  diverge  fhuu  each  other. 

~n>  (Atnr  that  nMHetlji  aceumulaie'  ili/Jf  latcanh  the  erttrm- 
mttJaUd  amduOar,  —  Totieh  the  ditTint'iit  part*  ot  the  dec- 
trilled  Donilu';tot  with  the  pimf  plane,  aod  tM  llif  inteiuitj  of  the 
•bunktly  in  emth  cn>c  bj  inouu  of  the  Umiun  decltumLter.  aiicl  it  will 
!■  bund  tbM  IhiBF  paitt  of  the  cunductoi  which  are  forUiEst  Tnnu  the 
miiUk  haT«  ihn  grealnt  intoniity.  Ileiive  the  IcnJcnej  of  the  electric 
■tuU  In  ot^Djio  Inna  gnintol  nKiniiutiis.  llieK-  eHbcts  apparently  onse 
ftom  tlie  muttul  repulaiun  or  the  partielta  of  tlie  fluid. 


ATMOSPHBHIC  ELECTRICITY. 


I  UJBSTITr  OF    ELRCTllICITt   ASI 


^^^^BS.  Tbe  bonor  of  this  discover]'  belongs  lo  Franklin.     In 

^^^Kter  lo  a  &iciitl  he  givu  the  following  ivcoiitit  of  the  an* 

^^^B  of  tbe  cunceiiliou  wliich  coiiduL-n-d  him  to  the  grt'tit  dis- 

^^^■nrf :  "Your  question,  how  I  uiiae  ftrxt  lo  lliink  of  pro- 

^BJiiiiig  th«i  experiment   of  di-awing  duwn   Ihe  hghlning  in 

ordKr  tu  a^ranaiu  ltd  Hamenc^d  niih  the  «leelrlc  i)uid,  I  con- 

mit  belter  answer  than  by  giving  you  an  extract  from  ihe 

aiBiilue  I  u««d  10   kcp[i  of  the  experimenlB  I  made,  with 

Bittaomndiiins  of  such  as  I  puqiosed  lo  make,  llie  reasons 

far  mnkio);  lh<'>n.  luij  the  ohservations  ihal  arose  upon  thi^ni, 

fiwn  nhidi  miriuira  my  k-tn?rs  were  afierwurds  drawu.     By 

«  ox  tract  you  will  iv&  that  the  thought  was  not  m  much 

rt  oT  the  wuy  one,  but  that  it  mighi  hnve  occurred  to  an 

*?Jor.  1749.     Ekctrio  fluid  agrees  with  lightning 

epanicubn:  1.  Giving  lighl;  2.  Color  uf  the  liglitt 

ddin^ion;  4.  Swift  motion;  5,  Being  conducted 

i    6.  Cruc-k  or  noise  in  exploding;  7.  Siibnislin{{  in 

rorJOBi   S.  Rending  hudies  il   passim  tliraugh;  U.  Do- 

gnnimals;  Id.  ^leltirigioHidiii  II.  Firing inflninmablQ 

I  I^.  Sulphnrvuus  ciutrll,     Tlie  elct^trie  fiuid  w  at* 

J  pMdts.     Wo  du  nut  know  whether  ihU  prap<uty  ib 

big,  but  »inw  ihey  ugreu   in  all  ihu  |mrlieular«  la 
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which  we  can  already  compare  them,  is  it  not  prohaW*"  Ibpjr 
Bgree  likewise  in  this  P     Let  the  experiracnl  be  made.'  " 

This  letter  will  alwayM  be  read  wilh  interest,  atTuiding,  as  i 
does,  one  of  the  most  admirable  examples  of  inductive  re* 
soiling. 

Franklin  made  the  csperiment  in  the  following  maniMi) 
lie  made  a  kite  with  points  lixed  to  it,  wilh  tli6  view  oi 
drawing  eleclricily  from  the  cloudg.  In  order  to  loflilate  th 
electricity  thai  might  pass  down  the  hempen  conl,  which  b  i 
partial  condiicior  of  ijleelridiy.  he  attoi'hcd  t  eiVt  cord  to  it 
extheinity,  where  he  plaeed  u  ki!y,  from  whicJi  he  expectiHl  ii 
ohtnin  spiu-ks  of  elet^liicily.  Afraid  of  being  Iauglt«d  at) 
ehould  his  experiment  fail,  he  look  his  lillle  boy  wilh  Iiim,  li 
make  it  appear  n£  if  ha  were  going  to  assist  the  boy  in  flyinj 
his  kite.  Franklin  and  liia  little  buy  having  ruined  their  ek-e 
trical  kite  in  the  nir,  tlii'y  waited  a  long  time  hi^lcrv  any  ind 
CRlions  of  eleetrit-'ity  could  be  «eon.  At  length  n  thundt 
cloud  ptifsed  over  the  kite ;  the  electric  fluid  pasied  from  lli 
doud  to  the  points  fixed  on  the  kite,  and  descended  tli 
hempen  mrd,  the  fibres  of  which  stood  erect  by  elocUiOM 
repulsion  t  Franklin  then  applied  \iii  knurkte  lo  the  key,  an 
received  the  electric  upark. 

■What  mujt  linve  been  the  eciitaiiics  of  hiu  mjuI  at  that  mt 
ment!  He  hud  made  one  of  the  most  brilliant  diHooveriM  i 
the  whole  ninge  of  phy^ieul  scienre!  lie  hail  diicorersd  111 
identity  of  lighlnirig  and  elueiritily ! 

He  afterw:irda  charged  Leyden  jars  with  lightntng,  am 
made  other  experiments,  similar  to  those  usually  pvrfon 
with  electricid  mnehines.     lie  also  introduced  lightning  C 
diictors,  or  jiointed  rudi,  for  the   protrr-tion  of  buildings  G 
the  effects  of  lightning,     (See  Exp.  1,  page  ^SG.) 

The  picture  of  Fmnklin  and  hla  little  boy  flying  lbs  1 
which  first  dnw  lightning  from  the  duiids,  will  lie  r 
wilh  intere:<l  to  the  btesi  ages  of  thi-  world. 

About  tile  aanie  time,  iieling  under  Franklin' 
Dalibard  erected  an  insulated  pointed  rod,  40  feet  high,  m 
thcnthy  succeeded  in  obtaining  qmrks  from  the  eIoud». 


rui  dm 


Fig.  00. 

ELECTEICITT  W    THE  AIB. 

'.  89.  Ek«rifity  is  always  round  m  the  air.  but  it  ran'M 
ll  h)  kind  nn<i  in  qunnlity.  It  is  generally  positive  when 
mill  firrcne,  nnil  nesniive  wlien  il  ta  humiil 
lo  inteii''ity  iif  (.■IcctricRl  iilicnomftia  is  u^uully 
Mt  In  llie  higher  sirora  of  ibo  arin')<|il)ere :  il  is  aLw 
T,  pspncisilly  li'irinj;  Tmsiy  woarher.  than  it  is 
ivlicn  iho  iiir  i-i  ciilm  llinn  when  il  is  bub- 
When  the  wInJ  Wdws  from  the  nortli,  the  ilropa  of 
e  giHiorally  po«il!ve,  anil  wlion  it  blowr-  froiD  tho  south, 
»  gwnrrally  nrgalive.  Tlio  enrtli  is  alwnys  in  a  con- 
f  >lal0  of  clrrtridty  to  that  of  the  highpr  strain  of  tlie 
ipherei  ami  bencnttii!  atmiMphere,  at  the  height  ofa  fuw 
rt  above  the  Burfai*.  1»  ulways  in  a  neitlral  alale.    The  o^trial 
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(^lecLridty  atlniiid  a  maximum  lutd  miiiiiuiim  rtitiiliUon  Li 
every  duy;  iid  iiiieiisit/  i»  least  during  thu  niglil :  it  incra 
aAcr  Bunrl»e,  or  during  thu  lull  of  dew,  and  Hftjiins 
mum  condition  a  few  hours  ufler  eunriae  :  Ituri  tlmt  lima 
gradually  decrciues  until  a  (kw  lioura  bufcin.'  kuimiH,  wliop 
reaches  its  second  minimum  condition ;  aTler  suuiet  it 
rapidly,  esp<3cially  during  the  fall  of  dow,  and  attsina  lU 
oud  maximum  cgiidition  a  kw  hours  aTtGr  sunset. 

ELKCTHOMKTKORB. 

40.  Th«  most  common  clcelromeleors  are  t/nmihr  ttormtf 
theet  lightning,  ih»  aurora  hui-ealit,  tpdtertpoutg.  whirltoiiultf 
and  tliti  luwinoiu  aii^jcnraiicu  of  )>o!iil4.-d  i-oiiduclorR.  Thq 
commonest  and  ;;ranili-st  of  lliiuo  cleclncal  phonoineaa  an 
thunder  and  lightning, 

THE  ACROSA  BOREALIS,  OB  MOHTDBRK  I.IUttTa. 

41.  In  tho  higher  rc^ona  of  tlie  atmosphere,  when  U 
air  is  very  much  attenuated,  the  flashes  of  dectrio  ligbt  gii 


:r.KCTItlCITr. 


imt>  ihf  u|ip(.-nrancc  wliicli  i 

nhiMt*   »ir«uiu.i  of  elfclriu  1 

nnrlUum  {uru  of  Uio  horizu 

tstitnitiiniKs,  cTen  with  i 

i!tait  tuminuus  bow,  Hiinntiin};  tlio  liorizon  fur  tliirLy  or  furty  I 

Fig}.  92  8Dd  "iS  represent  at 


i;ltt  Ki>|>«Ar  U>   muve  liui 
I  towards  the  mngnelic  : 


B  of  thQ  appearancea  of  the  I 


wmm  borealta  at  the  nonli  arctic  zone,  ob  given  by  M.  LottiD, 
an  officer  of  the  French  navy, 


F%.  94  repmfL>nl«  a  riTiini'kulilu  uppcamnce  of  tlie  aurora  I 
kOKdU,  wliii'Ji  mw  *wn  ovit  pvi-ry  part  iif  Ruropp.     This  J 
t  oLiH.-rvc<l  ami  i)i»criliii<l  by  Miiirau  in  tliu  year  I72C. 


RLECTKICITT. 


WATKllSronTB.  ^* 

43.   Al  ihe  commun cement  of  iliw  woaderful  and  lerri^ 
loo,  the  watery  vnpor  in  tlie  clouda  appears  to  de- 


ll the  form  of  a  cone,  wiiile  ibe  oc^An  txMioalh  becomes 
I,  as  ebown  iit  Fig.  95  ;  Die  nftex  of  ihe  rnni;  pontinuoR 
iriitd,  and,  nltir  a  Utile  time,  n  I'louil  of  watery  vnpor 
a  Tram  the  oc«m  tuwnrds  rl.  as  »\niitu  in  Fi<;.  'Jd.  This 
n  ontii  Uif  iwo  stivttins  of  WMier.v  vapor  join  each  older 
-uiiiplcii'  wrtliTSfxiiii,  or,  it  may  lie,  form  two  or 
»outs  .■!»  shnwii  in  Fig.  97. 
e  maurkHbl';  pbt^nomi'nn  apppor  to  bt!  dui^  to  (he  dif- 
it  Blwariml  r-oiidlii'iin  of  tlic  cliind  nbuve  luid  ibe  oilcan 


EBENT  MOPES  OF  GKNKRATINO  ELECTRICITV. 
ialiH  frirtion.  thr-ir  are  viiricios  nimlus  of  gfiicrttling 
idty,     Tbb   tallowing   are   amongst    ibu   UUmI    ri^iuurk- 


HATCRA.L  AKD    EXrEKlM 


.    PHlLOaOPnY. 


BLECTBJCITT   GENERA 

PRF.HSUKK   STEAM. 

The  friction  iif  higli  [jresauri:  stttaiii  on  llie  mctulHc  pipt% 
See.,  tlirougli  whicli  it  i^  niaile  to  pass,  liaa  reeeiilly  beun 
to  develo))  large  (luaniilius  of  eltctriuUj. 

A  veiy  powerful  clcvtricol  mnehiiie  hox  bcon  cnnrtnicted  on  thu  prin- 
d])Ie  hy  Mr.  Aniutnuig  of  Newcastle,  and  utiUcd  by  him  the  Hydnt- 


,    rix  glaa  pillan  O :  It  thu  fiimiun  and  C  tliv  «*h  [lit,  fc 
muler  |aii  id  UuTUuki;  1' (J  tlir  ciamiu-y;  I)  U  itH-niMfi 
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Iba  kti  tsItb;  P  F  two  tuba  louling  from  the  vnlvp;  1  I  to  ilic  lai^e 
tniia  Q  O  ;  EI  U  uv  u  naica  of  brat  Inm  tuW,  jiiix^ccdrng  Ircnn  Ibo 
ptpca  O  G,  ind  CitnimatiiiB  in  jcis  i,  wliii-h  autj  hv  njieot.'d  or  cloecd, 
by  OMNM  uf  Icioi  iibccd  ai  K  K ;  M  U  thv  siifviy  Tnlie. 

Fig.  99  nf  tuoit]  1  lint  uw,  proTiilcd  with  four  raws  of  braBS  point*. 
wbicbaK  placed  in  &Diit  of  tlie  iDwa  of  the  jets  J,  (Fig.  OH,;  inoitter  to 


Fig. 


H  the  dccbieit;  fioin  the  Rcom  vapot  pngectpd  upon  them !  vhen 

~i»  are  reqniivd,  ttiia  cane,  with  ita  points,  is  plnccj  ut  tie  die- 

V  of  about  one  luit  bmn  tbc  jets ;  and,  oti  tbe  cuntrnry,  when  D 

f»  quantity  of  ebiSiicity  is  requlicd,  tLe  cose  a  braught  oilbin  B  tew 

I  tiiejctt.     With  »  viev  of  augtaeuting  thu  deveiupiuunt  of  the 

V  turbcea  of  the  jets  arc  lined  witli  irood,  fiinmng  s 

Lt  pasuge  ot  the  Bij^anip 

we  may  icgud  the  particles  of  wai-T  as  scrring  the 

K  gton  plate  of  a  eojumon  electrical  minliiiic ;  the  woodeii 

(tf  jtMMlhemUWT:  and  iheiteam  at  the  lubUng  povcr. 
TW  ekmicily  goientcd  by  thia  engine  a  more  remuikuhle  for  its 
»  quauBty  than  for  its  high  inlcn^ty.  Thu  eiigtnc  cti'Cted  by 
r.  Amuunng.  at  the  Folytccbmc  Lutitutiou,  gave  sparkt  from  ta'elve 
1  lingth,  and  char§:nd  a  battery,  containing  SO  feet 
d  fiVf,  in  tm  Koouda.  The  deiuw  Hperkii,  wliieli  paKt  fnnn  the 
Mtj  lar^  hoD  omdactor,  fbUow  each  oth^  in  «uch  a  Ta|Hd 
■  to  gire  to  tbcin  flomcwbot  of  the  eharaeta  of  a  galvanic 


SLECTRIOtTV    tin.TLf>PFn    lir  CONTACT, 


.  WThm  two  diflVnmt  inHalo  are  liroiisht  int 
t  tbrp«l!vHlliiidbciiii'attiu:bed  IiXbci 
■I  III  thr  iittiPT-     l>  and  7.  an>  two  pliitiii  o 


ixii'tvrl,  dmrioity  is 
le  RitJta],  (Did  tbeoex- 
inpgxT und  tiav,  )in> 
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then  MTinrnttd,  tnking  tatv  to  hdd  tlicm 
by  the  Lisujutiug  liaiidlis,  mid  lo  movo 
tbcm  tuwniils  •nil  fitim  tuvh  olliia,  W 
IbMiiuftiL'tlcinshaU  takuplwcin  rorm- 
ins  nt  Imnking  the  coiiuct ;  then  Ili« 
idiu;  plate  will  tic  churgHl  tvhli  poeitire 
ckclricity,  onil  the  copper  plnte  with 
negntive  elwiiicity ;  which  may  be 
proved  by  bringing  tliv  plates  ia  oon- 
Cset  Willi  the  conncctitig  plnU  of  the 
oendmang  eienOoamipe.  (See  Fig.  At.) 
Thi«  ooiutinites  the  fundntncntal  cx- 
pnimcDt  of  vultoiu  dci'tiicity. 


Hh 


DelticS  Dry  PiU%. 
On  this  priodplc  Deluc  constmctcd  hb  <>lcctric  pile,  whu^  « 
of  a  aaiis  of  ditks  of  copper  alid  iduc  pnpw,  laid  thr  one  upon  tlu 
irith  thdr  paper  sidefi  together.  A  pile  contidning  about  lUDO  p 
these  dibka  exhilulH  a  decided  erldcace  of  clcctrieal  ntlTiu.t!oLn  ) 
pukian  when  a  connrctioii  is  (bniicd  bctwenn  the  ellmuc  iilato. 
ia  rnnarkable  in  thew  dry  pilea  is.  thut  they  wtU  Tcuinin  with  a 
iihed  auliou  for  years,  willuiut  tuiing  nt  nil  interfered  with. 


Zomboni 


Khc 


I  Perpetual  Afoh'oa. 


Thia  hfsulifiJ  piece  of  apparatue  it  formed  hy  placing  two  of  DdlK*4 
fUm,  (Fig.   ID'ii)  each  containing  about  1000  pairs  uf  plaice  « 
ahout  two  inches  of  each  other,  so  that  (hctr  uiUikc  polo  may  be  b 
neni  each  other  at  the  lop  and  bottom.    Tiie  upper 
exlrcmitits  of  the  piles  tGrminatc  io  two  mutol  knohBi 
C  and   D,  and  Ihc  lower  cxtremitira  are  connected 
by  a  ftrip  of  coppvr.  so  that  while  one  knob  C  ia  pos- 
itive, the  other  hnoh  D  Is  negntiTe.    P  B  ti  a  Ught 
pendulum  rod  of  gum  lac.  lumiog  on  a  centn  at  A. 
and  itH  upper  knob  B  playing  between  the  electrified 
knots  C  and  D ;  the  knob  B  of  the  pendulum  is  al- 
linuttely  altrncted   nsd   rrpcUed   by  the  electrified 
knots  C  and  D.    Thti  nuilioi<  will  rallsn  omtinui;  lot 
yen*  without  intcrtniadon. 
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Bohnenherg^s  Electroscope. 

OoA  of  the  most  useful  applications  of  the  dry  pile  is  exhibited  in 
construction  of  an  electroscope,  represented  in  Fig. 
103,  which  is  not  only  the  most  sensitive  of  all  oth- 
ers* but  has  the  additional  property  of  at  once  indi- 
cating the  peculiar  kind  of  electricity  of  the  body 
applied  ^^t. 

TTuB  instrument  connsts  of  two  dry  piles  C  and 
D,  placed  as  in  Zamboni's  perpetual  motion ;  be- 
tween the  knobs  C  and  D,  a  single  gold  leaf  G  is 
suspended  in  the  same  manner  as  in  the  ordinary  p 
gold  leaf  electroscope.  The  moment  the  gold  leaf 
G  is  deq^ified  by  the  approacli  of  any  electrified 
body  towards  A,  it  is  carried  either  towards  one 
knob  or  the  other,  according  to  the  nature  of  the 
electricity  with  which  the  body  in  charged ;  that  is 
to  say,  if  the  electroscope  be  charged  with  positive 
dectridty,  then  the  gold  leaf  G  will  be  attracted 
towards  the  negative  knob  of  the  pile,  and  so  on. 


the 


THE  MAGNETIC  POWER 

],  Sphstances  endowed  wilh  maynttitm  attract  pieces  o 
iron,  mid  tLe  substances  possessing  this  property  nn;  otltoq 
magntts,  Uugiietiu  eubsUuiues  possess  vurioiia  uitier  r 
nble  propeniu<t.  wbicU  fehall  bereafler  be  duscriU^. 
arc  two  kinds  ot'  mugncis  —  natuml  IlulgneI)^  nud  oi 
iDHgni-rs. 

Natural  Mui/nett,  or  loodstonut,  nra  iron  ores,  faund  i 
nio»>t  every  yXtu'u  on  ilie  Mptli-    Tliu  aocicut  Grevks  weij 
BC((uaiiiicd  with  ihe  attnutivA  pi-u|iurl>  of  the  natural  e 
or  loudi^lone ;  lliey  gave  llie  aatne  uf  magnet  lo  this  mintn 
probably  becunse  it  was  found  raoA  aboodaut  in  tha  v 
of  Mngnesia,  it  city  of  Lydia,  in  AnfrHinor. 

Arlijicial  Magmts  are  gcnernlly  mndu  of  steel  \m.n f 
the  way  in  wliiuh  tbe  tuH^pietk  propiariy  is  impurted  to  tticfl 
will  shortly  be  described.    Artificial    magni.'U   are  i 
ai-conling  lo  their  shape  ;'  tbiis,  ne  have  tbe  har  mogtut,  r 
reseiiced  in  Fig.  1,  aud  ihe  honuvioe  maj/nel,  rcpmsnlMd  I 


«>.  1 

Fi^  2.  When  sevcml  bar  mngneta  or  horseshoe  i 
ore  moibincd,  Ihe  whole  is  callod  a  magnetic  battai 
rinnpoiinil  mnijuet. 

Thi-'  iiiiiKin-ili'  pownr  of  a  n)a<>netiEod  b«r  chiefly  r« 
iu  extremities,  wliidt  are  vaWnA  (lie  mngiietic  poloa;  oilj 
being  called  the  nortb  polo  of  Ibo  nutgnul,  and  lliv  oUier  U 
two) 


In  order  to  distin^ish  these  poles  I'rom  each 
otber,  «  mmrk  in  usually  drawn  fii;ru&s  ihu  extremity  corre- 
fipondiD|>  10  iJie  nortli  jiutc  of  the  wrignei. 

tOne  of  the  tno»i  remarkabli;  propeniee  of  ihe  niHgnet  is. 
It  it  eonunaniriites  its  properties  to  a  sleel  bar  or  needle 
U  u  rubb«d  for  a  few  titnes,  in  the  same  direction,  across 
fatiUt  (lolea. 
I.  i 


HACNKTIC 


.   £f]B>  1>   Sprinkl?  name  l 
inn  filicg*  will  be  attmcted  to  the  i!xti«niiticti  or  poles 
whiltl  lb*  (KbcT  portimu  will  be  left  neuly  bate,  as  irhown  in  Pig.  3. 


^^"han  tbt  Med  ]»i  excppd*  eight  <it  ten  ini-hes  in  IcDgthi  i 
UTid  n*a  Dtbti  pulw  Uauln  Ibixe  that  aie  al  the  und^ 


V«l 


Fig.i. 


w  n  S  e  to  the  exli'en^tr 


Attmrt  a  vnbn  iiT  piti-ei  of  iron  uti 
inii({riflic  l«r  N  S,  ««  shown  in  Pig.  5.  Hwp  the 
le  t|wy  nn.'  in  rwiitrviinn  with  ihe  mncnet  N  *,  he- 
m  of  Ultbr  nutftid*.  whoso  lower  exlremiliai  are  all 
■ ;  that  ia,  of  Itiu  Mme  name  ■■  the  pole  of  the  Diag- 
di  IliFf  on  altacbvd. 

pKtJaufi.  —  Rub  the  knife,  for  sev- 

•an,  that  is.  from  haft  to  print,  m-niBn 

itins  (T  pnlva,  oT  a  macnet :  apply  the  junnt 

Iron  niinw.  or  nnall  piece]  of  uxm  :  Ihwy 

to  tl*  (KMilt  i>(  tile  knife.  Fa  6 

«  allrartinn  Ontweai  a  magnel  and  iron  it  rreiproivl.  — 
1  ll>e  magiwt  aitractD  iron,  Dte  iron  also  attracia  ike 
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Ejp,  1.  Sus]t(,-ni]  a  iiiL<i.-u  uT  una  «1rc  by  »  Iliieuit,  n  iW  lUa  V 
itti}'  luuig  lit'rixotituJIj.  Biing  tlic  odd  extnautty  »[  a  tuiignot  near 
one  end  of  tht  win- ;  tlie  nira  will  lie  altractnl  by  tlu-  mas^ut. 

&cp.  2,   SuEpcnd  a  miignFtixMl  needle  in  Uic  aaniL'  muiuiLT  j  linBK  I 
cMnmit)'  of  the  iron  wire  ncnr  to  tdilier  polu  of  tlie  maguct ;  tl 
nn  will  lio  attniftt.'d  by  the  iron  wire. 


Magnstie  Aitraetion  transmitted  through  varioas  JJitdiM, 

Exp.  1.  LiUrpcne  a  tliin  sinvn  of  vroml.  Oc  dVi  '<T  t^arpt,  Otofl 
•ulwtiuice  cxeepting  al(«l  and  iron,  helwiioti  Uir  niugnrt  snil  llw  i 
wicv  iir  tlic  Ibregfliiig  ex ixniUL'utH  1  tbf  utunctiiiii  will  ukc  plant  jnit 
II  there  wire  no  Bubtluw  iiitetjMMid. 

Exp.  2.  Saew  somi;  irou  Ulinga  on  a  *lic<-l  at  while  pajivr  i  pi 
polp  nf  ■  magnet  beneuth  them  i  the  ttliiigs  will  ujijami  xo  o 
whaiero-  diroctinn  the  mngiici  is  rnoTed. 

Erp.  .1.  Inlcrpiisc  mt  itim  |ilute  hctwfvn  »  mRgiiet  oiiil  un  ir 
■aipeiidnl  by  a  thi(.iid ;  the  iiuiguet  wOl  lure  llula  iir  no  effotl  QpOn  t 


DitlribaliuH  of  Maipittiam  in 

The  inirqiuJity  nf  tbia  distribution  muy  t 
toring  BuiCTiaiwitii. 


I  iiKigneliied  Bar.     ' 
■  rtadjiy  jirorcd  by  tbo  fi 
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£rp.  1.  Strew  aoooie  iion  filings  on  a  sheet  of  white  card  paper,  be- 
neath which  a  bar  magnet  has  been  placed  ;  occasionally  tap  the  pupcr 
to  facilitate  the  arrangement  of  the  tilings.  The  beautiful  distribution 
of  the  tilings  (as  exhibited  in  Fig.  6)  around  the  bar,  shows  the  manner 
in  which  the  attractive  force  of  the  different  points  in  the  bar  vary  — 
the  iilings  are  most  accumulated  round  the  two  poles,  towards  which 
they  seem  to  converge  from  all  parts,  as  to  the  principal  centres  of  ac- 
tion :  on  the  other  hand,  the  central  portion  of  the  bar  scarcely  attracts 
any  of  the  iron  filings,  thereby  showing  that  the  centre  of  the  bar  is  a 
neutnl  point ;  that  is  to  say,  it  does  not  possess  any  attractive  power. 
The  curves  formed  by  the  iilings  are  known  by  the  name  of  the  mag- 


This  experiment  furnishes  us  with  a  ready  method  of  detecting  the 
poles  of  a  natural  magnet. 

Exp,  2.  Take  a  magnetic  bar  N  S,  (Fig.  7,)  and  support  it  at  its  middle 
point  C ;  aj^y  at  any  nimiber  of  equidistant  points  a,  6,  c,  c',  b',  &c., 


n 


ff 


cu 


Fiff.7. 


a  soiea  of  pieces  of  soft  iron  wire ;  then  it  will  be  found  that  the  num- 
ber of  pieces  of  wire  which  the  magnet  can  support  ^^-ill  increase  as  we 
approach  the  extremitios  or  poles  N  and  S. 

The  centre  C  of  the  bar  has  been  called  the  7ienfral  points 
OT  paint  of  magnetic  indifferenre^  and  the  poles  are  those  two 
points  where  the  ^reate^t  attnu'tive  force  is  found  to  reside, 
which  in  this  vt^G  are  at  the  exfn*initios.  The  term  pole  is 
Bometimes  taken  to  mean  that  point  in  c*:ich  lialf  of  the  bar 
where  the  greatest  attractive  force  will  be  ucciinmhited,  sup- 
posing the  magnet  to  be  acting  upon  a  piece  of  iron  or  Bteel 
placed  at  a  little  distance  from  it ;  in  this  case  the  poles  are, 
on  an  average,  at  the  distance  of  about  one  tenth  of  an  inch 
from  each  extremity. 
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MAGNETIC  POLARITY. 


DIRECTIYE   PROPERTY   OF   THE   MAGNETIC    NBEDLB. 

3.  A  magnetized  steel  needle,  suspended  horizontallj  bj 
a  thread,  or  on  a  fine  point,  will  always  point  very  nearly 
north  and  south.  This  is  called  the  directive  polarity  of  the 
magnet.  This  direction  is  so  constant,  that,  when  the  needle 
is  displaced,  it  returns  exactly  to  it,  after  a  few  vibratioiw. 
Moreover,  the  same  extremity  of  the  needle  always  points  to 
the  north,  and  the  same  extremity  to  the  south ;  so  that  if  the 
needle  be  turned  half  way  round,  it  will  not  rest  until  it  has 
resumed  its  original  position.  The  extremity  which  points 
towards  the  north  is  called  the  north  pole  of  the  roagnetf  and 
that  which  points  towards  the  south,  the  south  pole  of  the 
mjijrnet.  This  remarkable  property  has  been  of  great  use  to 
navigators. 

Magnetic  needles  are  usually  con- 
structed after  the  form  shown  in 
Fig.  8  ;  where  the  needle  turiw  up- 
on a  vertical  point,  which  enters  the 
conical  cap  screwed  into  the  centre 
of  the  needle. 

The  direction  in  which  the 
needle  points  has  been  called 
the  line  of  the  mrif/netic  merid- 
ian. Tins  line  does  not  ex- 
actly c<^incide  with  the  direc- 
tion of  the  geographical  me- 
ridian, as  we  shall  hereafter 
more  fully  explain.  At  Lon- 
don, the  needle  at  present  points  about  24^  west  of  the  true 
north.  This  is  called  the  magnetic  rariation,  or  magnetic 
declination.  This  declination  is  not  the  same  for  all  places 
on  the  earth,  and  it  is  continually  changing  for  all  places  oq 
the  earth. 


Fi^,  8. 
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Exp.  1.  Magnetize  a  small  sewing  needle ;  place  the  needle  on  some 
water,  ao  as  to  make  it  float :  after  a  little  time  the  needle  ^-iU  settle 
itself,  and  will  point  in  the  direction  of  north  and  south.  If  the  needle 
be  shifted  from  this  position,  it  will  return  to  the  some  position  again 
whim  left  to  itsdfL  This  experiment  may  also  be  readily  performed  in 
the  ioUawixig  manner :  — 

£ip.2*  Take  a  strip  of  card  paper      a '•''  .,n 

A  B ;  suspend  it  upon  the  point  8  of  ^S. « ^s  C'     \ 

a  pin  passed  through  a  cork ;  place    ^ ■ '     '  ■  '' ^ 

the  magnetixed  needle  N  S  upon  one 

■de  of  the  strip  of  card  paper;  re- 

■ton  the  balance  by  placing  some 

■nan  weight  W  upon  the  opposite  ^t^.  9. 

■deof  the  card;  then  the  card  iK-ill 

turn  round  until  it  points  north  and  south,  as  before  described. 

With  any  of  these  ncedUs  the  following  experiments  may  be  per- 
fcrmed.  ( excepting  the  ca'-sc?*  specifiod. ) 

4.  Iron  or  steel  attracts  both  [hAos  of  the  needle. 

Ejrp,  .3.  Hold  a  bit  of  iron  near  pithcr  of  the  poles  of  the  needle ;  the 
needle  will  follow  the  iron ;  by  moving  tho  iron  round,  the  needle  will 
levulve  on  its  centre  in  the  Kame  dir-.tttion. 

Erp.  4.  By  holdinf;  a  bit  of  ip)ii  near  to  the  sewing  needle  of  Kxp.  1» 
it  may  be  made  to  float  about  in  any  clirei'tuiu. 

Erp.  6.  The  magnetic  iwan.  —  'llils  philoso])hical  toy  consistM  of  a 
pii*ce  of  thin  sheet  iron,  matlc  intu  the  >huix.>  of  u  swan,  so  as  to  float 
upon  water. 

^^'hen  the  point  of  a  nia^ni't  Ls  prrsnited  to  the  swnn,  it  appears  to 
swim  towards  the  point. 

5.  The  like  poles  of  ni!i<;nets  rcprl  (me  tinothor,  and  the 
unlike  poles  attniet.  This  law  of  ina<rnctism  is  exactly  anal- 
o$!OUS  to  the  law  of  attracti<Mi  and  repul>i<)n  of  the  two  kinds 
of  clectricit  J. 

In  onler  to  distin<rni>b  those  op|H>sito  influences,  the  nia<i;- 
nelic  principle  of  tlie  north  pole  is  called  positive  mat/nrfisifiy 
or  -J-,  and  that  uf  the  south  pole,  nt^yative  magnvtism^  <»'  — • 

Erp.  6.  Bring  the  north  pilr^  of  u  muf^net  near  to  the  south  |xj1u  of 
the  needle,  and  it  ^ill  be  attracted.  Bring  the  north  pole  of  u  magnet 
near  to  the  north  pole  of  the  needle,  and  it  will  be  repi'llcd ;  and  so  on. 

This  always  enables  uh  viTy  ruidily  to  ascertain  the  particulatf  poles 
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niiignei,  Dt  to  detaraine  whvtliar  oi  noi  a  meul  W  [mwjBcjr  bm| 
m  :  for  the  istiemity  uf  t]ic  bur  which  utincu  tlu:  aimii  iwla  (tf 
nndlc  will  be  the  aoutb  pole  uF  tlio  bni,  oud  liu:  otlicr  cxtrcniitf  «iU  li 
tlic  noTth  pole. 

£if;).  7.  Ilang  a  lanHll  key  ta  ihc  notth  pole  of  a  miignet ;  piwnt  lbs 
loiith  pole  of  Biiuth(T  inugDCt  to  flic  upper  extremil;  of  tl>e  key :  tli» 
Xcf  will  instantly  fall.  UetK  the  two  ditfereut  lunda  of 
tnliie  each  othur'e  eScctx. 

j>.  8.   Immetse  the  Like  polo  of  two  uuigniU  into  latoB  iim  ftUngi ) 
bring  the  two  polis  tngnlJuT.  and  the  filings  will  QdL     Dul  if  Uw  p 
KK  unlike,  the  tilings  will  nuivc  towurda  each  other. 

Ejji,  0.   Balance  a  bnr  iiio^iet  upon  a  comuton  pair  of  ic&lw;  U 

the  pole  of  another  magnet  iramcihalclf  bcnnith  one  ol'  the  pohs  of 

I   ttiBgnet  placed  on  the  scale  i  Ihi-n.  whoi  the  palc%  thus  lunught  (kmi 

^  other,  are  of  the  tame  kind,  the  icoh;  will  ouend  from  the  R^Uw 
[   of  the  lUagnetB ;  and,  on  the  eontiOTy,  the  ecoIc  will 
polo  ore  of  diHtrent  kinds. 

.   If  a  magnet  be  broken,  each  part  becomis  a  perfect 
iDiignel.         • 

Erp.  10.  Rrenk  s  rangnntized  kniTtin);  ii(«(Uei  test  the  {i 
eoi-h  end  of  the  piet'ex:  the  ptid  of  the  livo  mogneU  will  lie  in 
^Itaiijti  n  iho  polo  of  the  ohgiiial  DuigncC 

TRKORT    OF  MAUNBTISM. 

,   The  l]t<-ory  of  m^^Ptipm  is  exacllj  aniUogouii  lo  lli« 
iJieory  of  eWlricily.     Tlie  miigiielk  IluiJ,  iii  its 
slate,  U  8ii)ipoi'o<l  lo  consist  uf  two  dielinct  Oiiids 
I    being  the  north  or  positive  mnffnetum,  the  other  tint  tctOA  or 
negalivt   aiaipirlitm.     When   tlicse  two   Huida 
tixty  form  the  mugneite  Ihiid  as  it  existR  in  i 
Bubdianceti,  or  «iib-(aiteB4  in  a  neutral  slate.     The  pariidei 
Ibe  rane  kind  of  mngortism  repel  each  otlit-r ;  liiil  thu  p«i 
1  files  of  oppuMic  kiiifls  of  mugnntjsm  attract  eneb  oilier.    Wi 
Itvo  flaida  exist  in  a  boily  so  us  tu  nvutruLie  mcb  etk 
I  then  tlie  body  exliitiii4  no  {na^nvtitiEn  ;  but  if  thi»  sialA  <t* 
'  «<<|uilibr)um  b(T  disturbed  by  any  cause,  tben  llie 
■  is  in-Iiii-.d. 


Fig.  10. 

tppn^  tbo  Ugbt  iquDTCs  lo  Tepreseat  tbe  paituJoi  of  die  pos- 

Aud  tlio  dork  Hjuorra  the  purtidiH  of  U^e  negative  fluuj.     .Va 

ra  of  likf  two  fluids  are  Hrparatod  frum  oiic  Another,  they  tnuhl 

Vip  UiemwlTCs  •ccmding  to   lie  law  of  nnraftion   and  rqnilwiin 

d  In  Uie ihtarj  ;  that  is  to  say,  a.  positive  and  u  iii^ative  partiile 

n  riwaf*  be  coDtignon*  to  each  otbcr.      Froin  thU  il  liillowit  thai  the 

y  K  wQl  he  a  tuirtii  polc^  ujiU  S  a  aouCli  pole. 

This  theory  rcndily  cnnble »  us  to  explain  all  the  [ibennmena 
f  BiagnL*tisni.  L<it  u«  take  a  ft;iv  cxiiinirltfa :  — 
When  the  exireiiiitj  uf  a  bur  of  sui\  iron  is  placed  in 
X  with  tbe  north  i>oIe  of  a  mtignel.  the  oppuaiin  rxtrein- 
f  (rf*  tbe  bar  a^lao  exhibits  north  or  positive  mugnetism  ;  tills 
I  pW-e  in  consr^urnce  of  the  repulsion  of  the  positive 
1  from,  and  ibu  Ktlructinn  of  the  negative  fluid  to,  the  north 
e  tif  th«  uis^iieL 
Wheu  a  magnetic  needle  is  broken,  it  is  alivious  that  tlie 
ajTati^'incuL  of  the  particles  of  the  two  fluids  must  remain 
aadtfitgvd  i  that  is  to  m,j,  the  poles  in  the  two  magnets  nin>it 
ill!  in  Ibe  mne  directhui  as  thr  {h>Ii:-s  of  ihe  original  lua^ict. 
I  Ihti  north  jujIh  of  a  mu(.>nei  allriM-ts  u  piece  ot 
V,  Ihe  exlrcmily  of  ihe  wire  next  iw  the  noitli  or  po»- 
■  |Mle  of  tb«-  magnot  brroin<n!  a  south  or  n^tT-"'^''^  P^'^ 
big  u>  the  repellent  nirtion  cxfrn-d  on  tbn  piw-ilivfi  (luid,  will 
e  Mractlve  a^lion  on  thr  negative  fluid  of  llio  win;,  by  Umi 
B  fluid  of  ihti  mnyiti'-iii'  bur:  huiiiv  tlin  ma^Kt  atiracta 
-B  ntnarAia^  to  t)>e  law  ibut  timlie.'t  magiiRiiu-d  with 
It  flnidi  attmut  eai'Ji  utbcr.  Tlilii  nlao  oxphiiris  tbe 
A  law  uf  luuigiMitio  hidui'lion,  which  wg  shall  Hlmrily  coo- 
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The  like  poles  of  two  maj^nets  repel  each  other  bj  vir- 
tue of  the  mutual  repubiou  subsii^ting  between  the  partich'S 
of  the  same  kind  of  magnetic  fluid ;  and  the  unlike  poles  of 
two  magnets  attract  each  other,  in  consequence  of  the  mutual 
attraction  subsisting  between  the  particles  of  the  two  different 
kinds  of  the  magnetic  fluid. 

The  north  pole  of  the  needle  is  directed  towards  the 
north  pole  of  the  earth,  because  the  earth  itself  is  a  great 
magnet,  having  its  negative  magnetic  pole  lying  towards  its 
north  geographical  pole,  and  its  positive  magnetic  pole  Ijing 
towards  its  south  geographical  pole. 

The  dip  of  the  magnetic  needle  maj  be  readily  explained 
by  considering  the  dipping  direction  of  the  needle  to  be  the 
direction  of  the  resultant  of  the  magnetic  forces  residing  in 
the  earth,  which  act  upon  the  needle.  But  this  subject  will 
be  hereafter  more  fully  explained. 

8.  The  atti-active  force  of  magnets  decreases  with  the 
distance. 

Exp,  11.  Place  the  south  pole  of  a  magnet  at  a  distance  from  the 
north  pole  of  the  needle,  and  a  little  to  the  right  or  left  of  it :  then  the 
needle  vnU  be  deflected  a  little  from  its  north  and  south  direction  ;  now 
biing  the  magnet  a  little  nearer  to  the  needle,  and  its  deflection  will  be 
increased,  and  so  on  —  thereby  showing  that  the  attractive  force  of  the 
magnet  increases  as  we  decrease  the  distance. 

It  will  also  be  observed  that  the  needle  vibrates  more  and  more  rapidly 
as  the  magnetic  bar  is  bn)ught  more  clasely  to  it.  Now,  the  rapidity  of 
the?:e  vibrations  obviously  depends  upon  the  amount  of  the  magnetic 
force. 

The  law  of  the  attractive  force  of  a  magnet,  with  respect 
to  distance,  is  the  same  as  the  law  of  gravitation  ;  that  is  to 
say,  t/ie  attractive  force  of  a  magnet  varies  inversely  as  the 
squares  of  the  distance. 


MAdNerou. 


aCNETIC  INDUCTION  AND  CONDUCTION. 
• 
.  "n'bcn  a  win<  of  »o(l  iroa  is  pl»ii>il  in  ci.mail  with  tti« 
a  of  «  magiict,  it  becomes,  as  it  were,  a  part  of  tlie  magnet 
t  for  tvtri/  portion  of  the  wire  hns  the  MUne  polarity  as 
n  oxtrcmit)r  of  tlje  ntngnet  with  wliich  it  is  in  contact  This 
Baj  be  called  mitgnelic  cimiluclion.  But  if  the  contact  be 
rrn-  n  tlighily  hrok<:n,  rhe  ^^i^B  becorai^  a  complete  magnet 
having  two  poles  ;  anil  this  lakes  placi:  in  consequence  of  tlie 
opunukin  of  anotliTir  |iniici[ilii, —  tliat  of  induction,  —  which 
IS  our  attention.  When  the  soil  iron  wire  has  been 
tiy  removed  from  the  magnet,  afler  a  shoi't  time  it  ito 
r  po»<«se«  anj'  magnetic  properties;  it,  in  (act,  was  only 
iStiBy  ma^ctic  while  it  vriis  in  contact  with  or  very  near 
blln  ntaguetized  bar.  Soft  iron  i-cccivea  the  magnetic  influ- 
it  easily ;  but  it  alw  parts  witli  it  most  easily,  whea 
n  away  i>om  the  niajrni>(.  Steel  and  cast  iron  are  not  ea 
'  magnetixeil ;  but  wheti  (he  roa^etic  property  is  once 
)  ihpm.  they  retain  it  for  years,  unless  they  are 
oroc  iximiii-racting  influence, 

■  induction  is  that  infliH-iice  nhicli  a  magnet  exerts 
D  snlHlances  at  a  dislanci-  tVoiu  it. 

<  IM  N  t)  be  ■  Rioennif  Uu,  N  being  its  amih  pole,  and  S  its  sraith 
f  ■  Kift  iron  hor,  hnving  its  exirwnity  n  plneed  near  lo  ihc  ex- 
H  of  Ilw  magnet ;  then  the  wft  ircn  bar  n  t  will  )ic  a  parteet 
n  kag  u  the  pole  of  Ibe  uagnn  N  S  is  near  to  its  enmnily  ■  ; 


ty  n,  in  6ct,  will  be  iu  north  pole,  and  •  its  »ooth  pole.    To 

>  tbt  amgnttic  inductiun   appurcnt,  a  «inaU  kvj  ttiny  be  aiuiiaidnl 

latht  •Stimnily  n.    The  tirsnr  tlie  liar  N  K  in  btinight  to  the  Imr  •  n. 

I  Ban  powerful  will  Uu  tliv  niiignctiiiiu  tiului!«l  in  it,     I.d  tht  nuiyiul 
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NSbeukmRWRfi  itini,  after  a  short  time,  Uit  little  ktf  A  will  hU  aff 
the  Iwr  « It,  and  it  will  maa  iana  im^Buis  of  niit(^ietiiii». 

Hoe  the  |x»tlve  Uuid  at  N  repclfthe  potitivi;  Uuid  ttom  the  txvtiwit 
t,  and  U  the  same  lime  uttracta  tbes^ativeUuidi  hence  tlie  etluQUvinii 
of  the  two  fluids  in  the  nod  aim  n  >  ia  di^tuibed.  the  extrenutf  4  beini 
in  a  ni^ative  magnetic  Ktale.  and  the  exlreiuitf  n  in  a  pautiTC  ma^vtio 
state :  or,  in  other  wordB,  a  becomes  a  soulh  magnetic  pole,  and  n  ■  Qunh 
magnetic  pole. 

Bnng  the  south  pulo  of  a  har  near  to  n ;  then  the  oiagnelic  InduBtii 
wilt  be  doubled ;  the  loner  extremity  of  the  little  fce;  i(  will  ria)  (UWar 
this  Hiuth  pole ;  and  a  much  hr'Dvier  key  may  be  tupjwrted  b]r  tha  ■ 
tfomlty  n.  Now  brin;;  the  north  pole  of  a  bar  near  to  n  ;  then  llw  tu 
k  will  iiutantly  drop  off ;  in  tlus  case,  the  two  palot,  being  of  ihe  iwa 
lund,  couDlC!ract  cai^h  other's  Influence. 

A  atiice  of  soft  iron  bun  may  be  loagneiizFd  in  the  tame  manni 
Thus,  let  Abeaatiung  magnetic  bar;  B,  C,  iiud  D  a  surioi  of  mA  in 


bars  placed  near  rach  other.  IS  sbown  in  Fig.  12:  then  all  tbe«  n 
hiar,  from  the  action  of  induction,  will  becolDe  perfect  n 
their  pole«  as  indicated  by  the  letters  of  the  figure. 


3  is  exactly  anaiogoua  ut  l 


The  law  of  magni'lic  indui 
law  of  electrical  induction. 

The  Cillowing  tdmple  experiments  will  n-nder  the  law  of  mognotlt 
induction  and  couduclion  nuirc  ujijxirent. 


MACNETiau    ET   CONTACT. 

in.  Eip.  1.  Place  a  Inng  juece  of  tolt  irvn  wire  in  contact  willi  tli 
no«h  pole  of  a  powerful  mngnel ;  trat  the  magnetism  of  the  wftr  t^ 
niduiii  of  a  mugiirtie  ne«Hc ;  the  wnitb  pule  of  the  ncvdla  will  Iw  mf, 
whtTi!  alitiLctnl  hy  the  wire,  thereby  sliuwing  that  the  wira  yomtm 
north  poiar  umanciifm. 

£171.  3.  Cut  eomc  thurt  ^ncco  of  iiun  wire ;  praicnt  the  <«d  of  on 
of  Ibrm  tu  the  pale  of  a  <trans  magnet :  il  will  be  immediuU'tj  ounet 

;  tlie  frif  laid  of  tlii»  wire  will  now  Mtraol  a  iriCTid  wiiri  iind  tidi  ll 
Ha  turn  will  alU-uit  a  tliiid  Kire.  auJ  «  un.     All  tliov  wim  bwonl 
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temporary  magnets,  owing  to  their  connection  with  the  pf)Ie  of  the 

magnftic  bar.  In  like  manner  the  phenomena  of  the  iron  tiUiif2;8  adher- 
ing to  the  pole  of  a  magnet  may  be  explained :  each  tiling,  thuit  hus- 
pended,  it  ooQTerted  into  a  little  magnet. 


MAGNETISM    BY    INDUCTION. 


11.  ExfK  1.  Place  the  extremity  of  a  lon^  iron  ^Hre  opposite  to  the 
north  pole  of  a  magnetic  needle ;  bring  the  north  pole  of  a  magnetic  bar 
near  to  the  opposite  extremity  of  this  ^4re :  the  needle  will  be  instantly 
repelled. 

Exp.  2.  Suspend  two  pieces  of  raft  iron  by  a  thread,  as  shown  in  Fig. 
13 ;  bring  the  north  pole  of  a  magnet  close  to  the  lower  extremities  of 
the  wires :  the  wires  will  repel  each  other,  after  the  manner  shown  in 
the  figure. 


G 


#'"» 
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Fig,  13. 
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^ ^X 


Fig,  14. 


Exp.  3.  Hold  a  large  key  near  the  pole  of  a  powerful  magnet :  then, 
■s  the  key  becomes  a  magnet  by  induction,  it  will  carry  two  small  keys, 
one  at  its  lower  extremity,  and  the  other  at  its  upper  extremity,  as  slwwn 
m  ¥}%.  14. 

THE  DIP   OP  THE   MAGNETIC   NEEDLE. 


12.  Besides  the  directive  property,  the  majpietie  noodle, 
when  freelj  suspended,  has  another  remarkable  property, 
called  its  dip^  whereby  its  north  pole  dips  towards  the  north 
pole  of  the  earth  in  our  hemisphere,  and  its  south  pole  towards 
the  soath  pole  of  the  earth  in  the  southern  hemisphere. 


AND   EXfERUlKMTJU,   FBILOaOmT. 


At  praseut,  tlie  magnetiK  dip  at  London  U  nliout  67". 
This  property  Diay  be  readily  veriQed    in   ibe  fol 


Szptrimenl.  TbruKt  a  kiutting  needle  n  t  tlinmgli  a  cotk  e,  M  •ttfm 
In  Fig.  IS  ;  st  riglit  uugla  to  thin  needle  tbriut  >  BiLe  spirmg  need 
tlmnigh  the  cork,  which  will  SOna  the  tail  of  tbc  ntedk  n  *  j  atUcb ) 
UutwiHled  threwl  a  dbio  the  (ui«,  and  tiupend  the  whole  bf  tW  cxtnni 
itf  of  the  thread,  taking  core  to  Itanut  ii  <  dthts  one  way  or  tlie  athc 
tuilil  it  is  fliupendtd  in  a  perfectly  horixontitl  ptnitiun.  Now  tiiugnMi 
the  needje  n  a,  vrhii'h  may  readily  be  doue  by  sliiiply  kecjang  it  for 
ebort  tiniE  acnvs  the  tiA'o  poles  of  a  hoisesbiie  mugnst.  Agniii  nupcs: 
tlie  needle,  and  it  will  be  fbiuid  that  its  nortli  pnlu  will  dip  towarils  tl 
nonh.  Care  must  be  lukcn,  in  moguctimig  the  necdlu,  uot  to  diilui 
the  axis. 


This  aqterimoit  mny  br  perfbnned  with  m 
axin  a  a  bdwi-en  two  upright  nupports  a  b 
The  bot  Bupports  for  tlic  axin  ore  the  edgis  u 

The  angle  which  the  dip/iln/j  naedle  makes  with  the  horl-fl 
zun  at  niiy  place  is  called  l/i«  angU  of  the  netdJe't  dijt  at  tfaiu 
pnrtimlnr  place.     This  angle  is  not  the  same  for- all  p 
At  plac«s  in  the  norlliem  hemisphere,  the  nortJi  pole  c 
needle  ia  depressed :  and  at  placca  'm  the  southmi  bemtBitbia 
the  Kotith  pole  of  the  oeodlo  is  depressed.    At  places  near  b 
the  irt|uaii]r,  (he  oecdle  boa  no  dip  — tliU  b  to  say,  it  h 
iiuriKintally. 


HAOKKTI8H. 


InstziiiiiRin  canrtnietcd  fbr  the  puipoK  of  exactly  obMrving  the  dip 
bkTa  a  Tstjcol  graduated  circle  connet.'tcd  with  them,  and  alw  a  screw 
«4iuitiiient  for  placing  tha  axis  exactly  horizo&tal,  aa  shown  in  Fig.  IT. 


Fif.  17. 


b 
Fip.  18. 


Tig.  18  lepnaenta  a  rimple  fbnn  of  mafsnctic  ajiparatui  tar  showing 
Ibe  direction  of  the  needle,  as  well  as  its  dip.  By  tliia  contrivance,  the 
needle  n  i  ha*  a  tn-ofbld  ftoc  motion,  viz.,  a  &ee  motion  with  rc«pect  to 
ita  directiTe  property,  and  a  free  motion,  on  its  homontal  aiis  //,  with 
lopect  to  the  angle  of  il»  dip.  abed  u  a  light  frame  ?iispendcd  liy  an 
ontwialed  thnwl:  the  horiiontnl  ii.xis//of  the  needle  tums  freely  in 
tbe  rides  a  b  and  rf  e  of  the  frame.  A  needle,  thus  simpcnded,  will  settle 
itself  in  the  plane  of  the  magnetic  niuidiaii.  and  will  oLw  assume  tho 
Xme  Bn^le  of  the  dip. 

The  Hihject  of  magnetic  vorintinno,  (tc,  will  be  moic  fully  explained 
a  with  that  of  terrestrial  magnet iuu. 
25 


290         MATUltil.    AND    EXPERIHEIfTAX    PniLOSOrHT. 


TO  MAGNETIZE   STEEL  BARS,  &c. 

O   MAGNETIZE   A   NKEDLB    WITHOCT    VSVHO   IH 
AllTlFIClAL   MAGNET. 


13.  Fix  the  needle,  agaimt  the  edge 
of  B  tabple,  in  the  mognedc  meridian  — 
thM  18,  nearly  north  Bnd  aouth  ;  bold 
B  long  poker  above  the  needle,  and 
snothei  one  bdoi*  it.  oa  shown  in  FJg. 
19 1  then  move  llut  pokera  in  conlntfy 
dtrpclienui  until  (hi?  come  to  tho  posi- 
tiuns  Hhown  in  Vig.  20 ;  repent  this 
optTolicin  lor  leviTal  tiroeH,  always  ob- 
•iTving,  at  every  suecceave  operation, 
to  niove  the  pokers  In  the  i^ame  msn- 
ner,  and  the  ocodlc  nill  be  mognvl- 
iiud.  Htre  the  paken,  being  bdd  in 
the  direction  of  the  nugnetic  dip,  real- 
ly become  magneta.  lSt«  the  subjecl 
of  Tarestrial  Mugneti&n.) 


14.   Thnehnve  tren  vi 
ban.    llie  following  arc  i 


»  procesMa  devised  for  nUL^rtifrLiig  n 
igst  the  raoMt  Himplo  and  effidenl :  — 


Moil  easy  MethodM  of  majnttiziTig  a  amall  N«ftOt. 

Bjcp,  1.   Bring  the  pointnl  extremity  of  a  sewing  needle  tn  moti 

with  the  aouth  poll'  of  a  magnet ;  let  ihi!  needle  raiiwn  in  rtmtad  9w 
fow  minutcB ;  on  sepBrnting  them,  you  will  find  that  the  julnud  n 
trnmlly  has  become  a  noitli  pole.  tuiA  the  mhcr  a  anulh  pole. 

Here  it  will  be  obwrvcd  that  the  end  of  the  nerdlc  in  onnlael  with  I 
pole  of  the  magnet  aoquiros  an  nppowlo  or  diiBn 
of  the  pole.  The  etiiiililirinm  of  the  two  magnetic  fluid*  in 
b  dtstiu-bHl  by  t)ie  pole  of  the  mngnct  al  the  point  of  the  ntodk^  tl 
dipHmilor  magnetic  fluid  it  attiatted  Iiy  llie  pole,  and  the  ami 
b  repdlcd. 

Kip.  2.   Hull  one  end  of  tha  nwiUc.  in  Ihu  rame  din^an.  • 
mirth  inle  of  the  rnHgnctiK  bar,  and  then  rub  ihr^  MIht  anvmity  iif  tl 
Dcnlle  acnw  thi?  south  |iule  uf  ihu  bar ;  tlirai  llxi  funuis  a 
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*  ondl*  wiU  Iw  B  nnith  Tnngiutic  pole,  uid  tlic  othir  Extrcmitjr  a 

.  PUcc  ibc  needle  Bcron  the  two  potm  of  a  himtehoe  tuaBoet  i 
_   R  U  rtmmln  then  fat  Miiie  time ;  on  reniovui^'  it,  yuu  will  Hud  thnt  the 
onivuiltT  in  cnolocl  imh  the  uonli  pak  of  tliu  mugiiet  hns  become  a 
wutb  I'llc,  and  ihc  other  a  lunth  pule. 

tlxp.  *.  ITMea  the  middle  of  &  DKdlc  on  the  nOTth  pole  of  n  magnet  i 
ua  •rjianuliig  them,  foa  >vi]l  &nd  that  the  niiddlL-  of  the  tieedle  it  a 
auuth  pole,  uid  ihot  it*  uitrcmltiui  ore  mirth  pi>tcE.  This  will  fuim  d 
Btntii:  net'dlu. 

Btp.  S.   With  thi'  puk  of  I  gixMl  magnet,  diaw  any  figure  upon  the 
V  of  a  rlwi  Mivl  plate  ;  epiinUe  iron  filings  upou  it ;  the  dlings 
n  sUKpendni  nC  all  those  pdiits  which  the  pole  of  the  moj^ict 
d. 

I  IStp.  6.  riace  on«  pule  of  a  magnet  In  the  middle  of  the  steel  bar ; 
f  tbe  magnet  aluug  tu  the  eud  of  the  boi;  return  the  magnet, 
igb  the  air,  to  tin-  middle  uf  the  boti  and  repent  the  stroke  in  the 
IG  dinctton  1  rvpvut  this  opCTntion  Cot  wveral  times,  Ne.it  plooe  the 
I  |>alc  of  the  mngnet  in  tlie  middle  of  the  etetl  bar,  and  proceed  as 
I,  ofaKTving  that,  in  llain  case,  the  magnet  must  be  drawn  to  the 
;c  extremity  of  th*  steel  bar. 
km*  (■DUZB  boa  been  called  tbe  method  of  lingh  touch. 


The  Method  of  DouMe  Touch. 

lA.  *DiiH  pmtcn  cmuitita  in  touching  the  tteel  bar  which  we  wikIi  tn 
siaipuliio  with  both  pnlm  of  themngnet  Bt  tbe  wmc  time  Thismethud 
■  olwan  rmploypd  when  Inr^  Kltvl  bars  are  to  he  niagnetiicd. 

Fwtoi  iwD  bar  magnets  togriher.  so  that  thdr  disHmitar  poles  may  be 
obintt  one  oghth  uf  an  inch  nsnndcri  this  will  be  miHt  readily  effnled 
iqr  inovting  a  [iiEce  of  oord  paper  between  thcMn,  and  tying  them  with  a 
!•  eC  conl.  riaee  this  double  magnet  (crticatiy  upon  Ihe  middle  of 
•Med  hot  1  dnw  the  magnet  to  tlic  end  of  tbs  liar;  return  tlie  mag- 
U  tiirougli  the  air,  to  the  other  etid  uf  the  hnr ;  draw  ihe  magnet,  aa 
i^  to  the  nppmte  end  ;  re|>ml  lliia  proceo  fi^r  Nicrol  timns  taking 
•  to  fcuqi  tiw  pnlu  iif  the  compounrl  magnet  always  in  the  uime  ri-la- 
.  uul  to  (top  the  pnicess  whm  the  magntl  ha*  arrived  at  tlw 
■  of  iha  bar.    The  c^inration  should  be  perbirmtd  on  both  aida 

V'lhKbtf. 

A  hntii-Juw  majrnot.  having  its  poIeB  nesr  together,  will  answer  tlie 
■air  piniXM*  m  tli»  iloulil^  magnet  jiiHl  dm-iibed. 
Thi>  iiipthwl  may  btr  onjikiyeil  to  lua^uliaii  two  or  mun:  ban  at  tliK 
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PUoe  two  n<.«l  ban,  N  S,  X  S,  of  the  same  tint.  puaSd  U  « 


Fig.  21 


otfaa.  anil  conneri  thdr  extremitia  wtlh  two  [neces  nT  ntft  iroa,  A  n 
B.    {Sec- Kg.  21.) 

Pliux  the  pole  (if  th6  double  m^nct  on  tbc  middle  of  one  of  Uw  at 
bus.  and  mave  il  compleldy  [mind  the  Game,  anataalij  ttmpiiig  ti 
jnlos  of  the  dmitile  lutgoct  in  the  tome  dkection ;  wlim  yoa  lur 
plclod  nbout  a  doltii  rcvolutiona.  tum  ihc  ploUs  nnd  [uumitil  m 
lilt  poli»  ol  the  steel  beta  will  have  a  revcne  pesiUon  to  the  [ults  oFll 
dciublu  luiLgnet. 

To  mciffiieltzf  Hormhoe  Jiari. 

Fig.  22  shows  the  method  of  mngnetixiiig  one  hotKchiio  bar  Ji.  I 
a  piece  of  kA  iron  K,  colled  a  t<(;p«',  aetaes  ihe  exticiuiiiGs  of  tlw  h 
■llucl  jiUcu  a  horsetihne  mngnrt  tl,  vhuee  Ic-gs  dh!  Dl  ihc  uune  diM 
span  aa  tlKse  of  tlie  bat  N,  with  its  pules  pi^rpoulicuhir  to  ikn  kecptr  II 


^•22. 


Pig.ii. 


draw  ih»  magnet  ton-arda  l^B  bent  part  of  the  honwahoc ;  wbaa  it  I 
alrlvnd  [here,  lift  it  off,  und  bring  il  back  to  its  flitt  {-udtinn  i  iv] 
opotattim  fnr  about  a  dnnni  times ;  then  tuni  the  bonahw  imr,  ■mUh  i 
IlKprT  (till  nn,  nnd  tvpaa  the  opemcion  ■»  before  I  and  ra  an. 

The  poUiitf  iif  cai:b  1^  of  the  boTHclioe  bur  will  be  utnllv 
of  Lho  It's  of  Ilic  iiio^riet  hm  yAatscd  ia  raulart  with  it. 

Fig.  23  diaw!  the  TDcIhod  «f  magnetizing  l<n>  honoliov  ban  at  tl 
Kuav  tuu(^    The  luin  oic  plnonl  wUh  their  uxtniiutiia  in  ccmlw 


DO  niignct  M  i>  moved  fiom  Uiu  iiirr«]  port  of  ui 
■iott*«l  fmn  of  the  oibcT,  caiuwntlf  in  the  muiie  dirctiiun. 

*  RiUintiltK  a  abo  a,  convniieul  ami  olUdeut  ainde  uT  am 
■  Vte-  ^*)  'c  nugnetuiug  bars. 


Fis.H. 

C  M  b  the  horwsliM  mignct,  |ilac«d  'with  its  polce  against  the  ex- 
:s  of  thu  hoiM^oe  bur  to  be  tnagtiedzed  ;  A  i>  a  Koft  iron  keqiCT 
g  botwccn  the  hg'  of  the  hois?dhtxs  ;  thi^  keeper,  or  feedt3.  ts 
ic  way  an  the  mitguet  represented  in  Fig.  23. 
mucr.  struight  ban  may  be  magnetiKed. 
■  fif.  li,  M  M  nrprcsenEs  the  niagnet,  A  the  feeder,  B  B  the  t«v 
1,  md  K  tbeir  keeper. 


ic  ban  are  not  in  use.  they  should  always  be  put  swrj 
h  Ibrir  k«T»!rs  upnn  them;  this  nnt  merely 
» thidr  Biagaetisa.  but  bIbo  tciiils  to  in- 

A  oiim]>ouiii)  hcTMshoc  r«i»sl*  of  a  number  of 

!    r^ihoe  Hiagnen  bound  together  by  screws,  and 

.-'iiMKlad  ■■  thni'  poles  by  me&iu  of  a  keeper,  as 

n  ttt  Fig.  26. 

(.  It?  K|raeiiti  a  tot  of  bars  bound  together 

Fif.  26.        Fig.  27. 


On  the  best    Qualili/  of  Steel  for  milking  Maptett. 

■  16.   The  ftevl  best  aailt'd  for  artificial  magnclit  is  of  a  fine 

I,  of  otiithnn  slnicture  ihroiigliout,  and  free  from  tluwn, 

»|ir{iMupal  nM|uifliti)  1^,  that  it  sLoulil  piw^aciaM  a  pnt[i<:i-  i]i'|!r>-e 

rktrdncw,  and  tliat  it  slioiild  be  equally  bnrdcneil,  tlmiudli- 

ti  maee ;  far  if  too  burJ,  it  is  extrvmcty  ilillkult 

25  • 
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to  impart  lo  il  anj  magnetic  virtue  ;  and  if  too  mA,  it  raJ 
ily  loses  it  wUen  given.  It  has  beoti  t(mn<i  moat  ndvanUgem 
10  make  the  stenl  in  lliu  first  insinnce  t)rilUc,  lilcu  glass,  on 
then  to  heut  it  a  second  lime,  till  it  becomes  of  a  straw  or  vli 
let  color. 

The  capacity  and  tenacity  of  artificial  magnets  are  ell 
affected  by  tlieir  form  and  diiuensions.  It  lins  been  aaoa 
taincd  that  the  breadth  of  a  bar  magnet  should  be  aboal  on 
twentieth  of  iu  length,  and  its  tliickness  from  one  foarlli  I 
one  third  of  its  breadth.  In  a  liorsealtoe  magnet,  tlie 
between  the  two  poles  ought  not  to  be  greater  than  the 
netts  of  ihe  bar  ol'  which  the  nii^net  consisU.  Laally,  U 
necessary  that  boiti  bar  an<l  horsi^.shoe  nmgnt^ta  be  w«U  |ii 
ished,  and  that  their  (ocas  be  as  level  as  possible. 


Mognftiam  U  readily  rxciled  in  soft  Iron  Bart. 

17.  A  bar  of  sod  iron,  placed  in  the  direotiott  of  the 
netic  dip,  becutncs  ma^etic  from  the  inductive  iuHuem 
the  earth  acting  like  a  magnet  upon  the  bar.     A  few  bl 
applied  at  oni-  i-xtn-mily  of  the  bur.  thnrehy  cnnxing  ita  p 
licles  to  vibrate,  will  generally  aid  the  inductive  iRflucneo 
the  eaith. 

A  bar  of  iron  henied  to  redness,  and  allowed  to  cool 
being  pliicd  in  tlie  direction  of  the  magnetic  dip,  will  acqi 
a  isirtain  degree  of  mngnetiam.     Hence  poktirs  and  imn 
which  have  been  kept  for  a  long  time  slandiiig  in  a  some 
TCPtical  position,  arc  generally  found  to  poMesi  a  low 
of  magnetism. 

A  pieee  of  iron  wire  may  he  rendered  ma^elic  by  twisti 
It  until  it  breaks;  and,  in  like  manner,  files  and  gtiah 
afi«r  having  bevn  some  time  in  dso,  become  m  much  magn 
iKed  as  lo  attmcl  irnn  Klings. 

Voltaic  electricity  is  the  most  powerful  means  of  rcnderi 
bodies  tnagnutic. 
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Eiperimeni,  AQnw  ■  magnetic  needle 
N  S  to  anninie  iti  north  and  south  direc- 
tkn;  take  a  non-magnetized  poker,  and 
hold  it  in  a  horizontal  position  and  at  right 
angles  to  the  direction  of  the  needle,  so  as 
to  bring  one  of  its  extremities,  say  its  lower 
cactraaaity,  near  to  the  north  pole  of  the 
nndle;  the  needle  will,  of  course,  be  at- 
tnctedt  if  the  poker  is  not  magnetic ;  now 
bold  the  poker  in  the  direction  of  the  mag- 
netie  dip,  as  shown  in  Fig.  28,  and  the 
north  pole  N  will  be  repelled  —  thereby 
showing  that  the  lower  extremity  n  of  the  Fig.  28. 

poker  if  a  north  magnetic  pole.    The  cf- 
foeC  wiB  be  increaaed  by  striking  the  head  «  of  the  poker  with  a  hammer. 


TERRESTRIAL  MAGNETISM. 

18.  In  order  to  account  for  the  directive  and  dipping  prop- 
erties of  the  needle,  it  has  been  stated  that  we  must  regard 
the  earth  as  a  great  magnet,  having  a  negative  magnetic  pole 
lying  towards  the  north  geographical  pole,  and  a  positive  mag- 
netic pole  lying  somewhere  towards  the  south  geographical 
pole.  The  following  experiment  is  highly  calculated  to  illus- 
trate this  theory. 

Experitnent,  Place  a  magnetic  needle  (sec  Fij?».  29  and  30)  n  «  over 
the  middle  part  A  of  a  magnetic  bar  N  S ;  in  this  position  the  needle  is 


» #        n 


V>^ 


e  6  A  B 

Fig.  29. 


iJjL^tJSA: 


fV^.  30. 
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exactly  horinontol,  mid  the  eoulli  pole  of  thu  necdlo  a  dincUd  b 
north  [ulu  of  the  nuigncl,  and  lliv  iiurth  pole  of  ths  needle  lu  (Iw  t 
pule  or  the  mogTiet.    Thus  wa  coii  usigD  b  coiuc  fin  thr  diru-tiTC  | 
al7  of  the  Dccdjc    Now  nlnot]'  mnvo  the  needle  along,  the  tin 
&  to  S :  ut  the  position  B  the  nnrth  pole  of  the  needle  lUiw  tiiwanl*  tl 
■outh  pole  of  the  msgncl ;  at  the  poailioD  C,  ths  nonK  pole  of  the  ni 
die  dips  still  more  towaids  the  KUtb  pole  oT  tbc  maeiiet ;  Bid  At  B  I 
needle  bongs  vertically,  with  ita  uorth  pole  pointing  to  the  aoulb  p 
of  Ibe  magnet.    Now.  in  like  niBimer,  more  the  needle  Irata  A  to  ] 
at  tlie  poutioii  b  the  (oulh  pole  of  the  ncccILe  dipi  towardE  the  uorlli  p 
<il  the  inugnel  i  and  lo  on  ii»  before.    (In  Pig.  3(1  the  needle  ti  auppa 
to  be  atupcnded  by  a  thread.)    Tfana  we  con  ruccnuit  fin  the  mi 


The  phenomena  of  the  direction  aoil  dip  of  magnetic  t 
dies  at  (iittirent  parte  on  the  earth's  sarTace  are  found  I 
coincide  with  tho  effects  which  a  bar  magnet  produces  oa  t 
needle,  as  above  dea^ribed ;  bcncc  we  are  led  hi  coadade  that 
the  earili  is  a  great  hijKilar  magnci,  whoine  poles  He  towai4|| 
the  geogmphieul  poles  of  the  earth.     Aa  like  poles  aUi 
and  unlike  poles  repel  each  other,  it  fnllown  that  tkg  m 
netic  jmh   of  lite   tarlh   lying  towarilf  the  north  it  a  najfil 
tnaipielie  pnlf.  and  tliat  the   one   li/iar/   tovxtriit  lAt  mutk 
potilir«  magiiflie  polf.     The  former  mu^neiio  }<o\e  la  Httu 
in  North  Amerioi,  in  the  vieinily  of  Huditon'd  Day.  in  70*  1 
N.  lal..  and   111"  .1.5'  W.  long.;  and  the  oihrr  in'  If  WX 
laL,  and  lo2°  'AO'  K.  long.     At  tht^se  phtces  ttio  dipping  r 
die  aseumes  a  vertical  position,  aa  bIiowu  at  P  and  K,  Fig.  8J 
Sir  James  Boss  found  the  pole  P  in  the  norlhem  hemispha 
during  his  arctic  expedition  of  1829.     The  actual  eztMoM 
of  the  magnetic  poles  in  these  places  is  fUrther  conflnaed  tl 
the  fact  tlint  the  ma^jnetic  needle,  at  ditTcrcnt  parte  oa  U 
eartli's  surface,  is  olwaj's  directed  towards  these  points  I 
lUB^etic  poles. 

At  the  magnalif  rqualnT  U  T  the  needle  awuinn  a  hnrimntit]  podtta 
Aj  we  nppnmch  the  inngaeiic  pole  P,  tlie  tiorth  pole  oT  the  nuedlK  ii{ 
nun*  and  inotc ;  oiid.  on  the  nmlrvy,  at  tie  sppnmi-h  Uw  iIin(Ri«(k  pa 
K.  th«-iioth  polcnf  \hf  iimll,- iliiw  nu>n<  anil  mortv  lln  tiw  t^gmtt 
■iiiian  K  (J  r.  K  V  1',  Sic.  tlw  iiinxlU'  llH*  lUwuji  tliu  aanM  pIMi 


ELECTRICITY. 

t»  dip.    lipt  N  S  rcprewnt  t. 


dbcctkm,  altlioii^  it  *Bnes  fai  itn  dip.    Ijpt  N  S  rcpicwnt  the 
tlK  mtb,  B  Q  in  gcognphical  eqiuttor,  S  V  N  a  gef^raphical  m 


/■<>.  31. 

X  T  P,  K  X  P,  rasfmctic  meridians :  then  the  taifHat  P  V  N  and 
P  X  N  will  be  the  det-linatiom,  or  arielr-i  of  vimntion,  of  thr  nugniMic 
■odle  at  the  points  V  niid  X,  ic-pt-ctivi'ly.  'i'he  romniander  of  a  hhip 
■t  T,  knowing  from  his  charts  tho  ilci-intion  of  thf  nniUi'  ut  the  pnr- 
licabi  apOt,  will  be  ible  to  aticcrlBin  the  true  north  and  houlh.  The 
magntlie  panttel*  D  F,  J  L,  &c.,  are  Uni-t  of  a/iinl  mofftirtir  dip,  m 
Aon  at  r  md  t,  on  the  magnttic  parallel  D  F,  where  tlic  needles  ■  u, 
*  B,  dip  towndi  the  pole  F,  at  the  mme  nn^Ie. 

It  miut  be  borne  in  mind  that  thi.T<c  dilfiTent  mn^etic  lineo  upon  the 
«rth  are  not  lauctlT  formed  by  Inie  Kcrlions  of  the  sphere,  like  the 
gmmiMcal  drclv.  Indeed,  some  of  Ihe^c  magnetic  lines  have  the 
ria^  of  looped  cutrea,  or  curves  of  double  curratuic,  differing  more  or 
1^  tram  the  circular  lines  shown  in  Fig.  31. 


;  linft  ; 


larkitlilc 


The  lines  of  equal  dip  have  been  called  itorlinii 
ikcK  lines,  as  we  have  shown,  surmund  the  f^lolit;, 
nearly  parallel  with  the  magnetic  eijuntur.  I 
bet,  tlutt  there  is  a  uiincidetice  subsisting  between  lUesc  liiieit 
■nd  the  iaotltenniil  lines,  or  lint-s  of  eqicd  henl,  u|H>n  ilie 
ginbe:  tlii't  coincidence  inilii.iitc^A  tlMt  the  eiirth'd  mugneiism  is 
-i-d  witli  Icrreiitnal  lieiil. 
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The  inductive  inllueticG  of  the  oirth  upon  bwa  of  soft  ina  (toe  «^ 
inunli,  p.  13  and  2<!,)  bean  n  gthking  uiology  to  tbc  iDduLtim  nt  nu 
nctuon  by  ordinsiy  magnetic  bora.  The  mo^uetiE  dfWu  of  tke  m 
wrc  undoubtedly  nlliibutable  to  the  iiiduulivi]  iuflusKX  vf  Ixnnli 
magDCtism. 

rABIATIONS   OP  TIIK  REEDLE. 

19.  The  earth's  magnetic  powers  are  subject  ro  both  re 
uUvr  and  irreguiar  variations.  These  vaiialions  ar«  ini 
eiUed  by  the  chungea  which  occur  at  the  same  p1ac«,  in  t 
declination  and  dip  of  the  needle,  iinil  in  ile  magnetic  1 
t4!nsitj. 

The  regular  Tariations  follow  a  certain  kw,  wliidi  enaU 
us  to  calculate  befort^hond  the  changes  that  in  future  will  ta 
place.  These  regular  variations  are  cither  secular  or  |Wt 
odic>  The  secular  changes  become  onljr  evident  after  t 
lapse  of  years,  and  the  ]}eriodic  are  those  which,  aa  il  wn 
oscillate  within  short  periods  of  lime. 

Of  all  the  sei:ular  variations,  the  declination  b  that  wbt 
has  been  moat  observed,  and  which  ha^  been  most  exact]}'  i 
tennined.  The  dip  and  intensity  have  but  recent^  cfaun 
the  attention  of  philosophers. 

About  the  year  1600,  the  needle  at  Landon  pcnnted  14'  to  Iha  CMi 
the  Durth ;  1 K60  it  pointed  due  nonh ;  from  which  tunr  it  gn 
doriated  In  the  west  of  the  north  until  theytioT  1616.  trbm  itdi 
2-lv1°  to  the  west  of  nnrlh,  which  wiu  its  maximum  deviation;  bwi 
the  Um  30  years  lU  declination  has  certaiuly  beat  decrradng,  md  il 
pmbalnlitj  it  will  continue  to  do  bo  until  it  agaui  beconm  du«  m 
then  tiie  decUnnlinn  will  increaie  lowunb  the  nut  until  the  neadic 
agnin  attained  ita  rooximum  castoa  dtijinntion.  whoD  it  wiU  ai 


All  thi^t  b  knmTi  with  certainty  rclatiTe  to  the  dip  of  tho  nt 
ihal  at  ptcBcnt  il  is  dccnwing  in  Biintpe.  The  muimiiia  dip  ^  ll 
luwdlc  ol  London  tinlt  place  about  a  coitury  ago,  when  ii  wm  •!■ 
7i°  i  linoc  that  tirac  It  bai  been  giung  on  decTcoang,  with  jcraat  fq| 
Urily,  at  th«  rale  of  3'  onniudly.  At  London,  the  dip  of  Uir  iwtilla 
the  proenl  time  u  about  08°*. 

tin  nuiation  of  thr  mognctio  faitniMty  hiu  but  trrmtly  cliditH*]  1 
■ttvntldu  of  fuperimaitalifts ;  liuwiTtr,  it  iinniui  highly  [udbaUc  iJ 
this  tntouaty  ■>  at  pnacnt  duavaiiiig  in  Bunt]*'. 
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•  needle,  alio,  uiukr^oa  diurn&l  and  am. 
M  rartatirau  alipMr  to  be  indmateljr  connected  with  tlur  heat  of  the 
ProKi  minriw  to  a  litllo  alter  noon,  the  north  pole  of  the  needle 
H  IDwmfds  the  west,  and  aflei  that  time  it  ii4i(^p:ade»  towards  the 
I  little  afta  sanset  in  the  evening,  when  it  remains  neorlj 
intil  mniiae.  The  extent  or  these  variations  depends,  not 
cbJj  on  tliu  time  of  the  year,  bat  al9a  upon  the  mtuntian  of  the  place, 
la  LuEuknv.  during  the  beat  of  summer,  the  variation  ia  about  19', 
II  winlix,  it  is  onljr  about  T.  In  Paris,  the  siunmer  varialiiia 
t  IC,  and  in  winttr  about  0'.  These  variations  disf^ipcar  under 
It  magnetic  equutnr ;  and  on  the  south  of  it  they  are  tbund  to  exist  in 

te  (Up  of  the  needle  is  also  sulgcci  to  diulf  variations,  wMeh  abn 
IT  Ui  depsid  upon  the  acrion  of  the  aun'a  heat  upon  the  earth  ;  hut 
jr  do  not  exaetlv  accbrd  with  the  diuly  variations  of  declination, 
le  Titlaticau  of  magnetic  intoistty  also  r4ipiai  to  depend  upon  the 

Tbe  inrgular  mo^etic  Tsristtons  arc  connected  with  eertnin  electrical 

tni)  nutairio  phenomena,  such  oi  the  auront  borcalis,  lightning,  and 

D  tnlcsnk  ouptians.    A  flash  of  lightning  has  been  knoivn  to  revone 

it  a  needle,  and  even  to  dcstrof  its  ma(^etiam  cniiicly. 

DECLtRATIOM   C0HPAS9   AND   MAKINEK'S  COMPASS. 

iffionitus  ia  used  for  oheerring  and  nuenniTing  the  declina- 

mienely,  for  determining  the  north  and  aaaib 

a  the  roeridian  line,  when  the  magnetic  decUnatiun  is  known. 

magnetic  needle  N  S  (tec  Fig.  32)  delicately  tuEpendcd 

of  an  agate  oi  iteel  cap  O  miing  on  u  pivot.     E  P  i»  ■  gcod- 

which  is  read  the  division  romsponding  I»  the  poatioa 

'Die  ncrfle,  with  its  gndunted  circle,  is  placed  in  a  rir- 

vriib  glaw.    The  inrtnuncnt  is  u*ually  fiimiahcd  with 

tuming  on  a  hnrimntol  axis  C  D.  wluch  carries  an  nil 

qiuulrant  A,  divided  to  measure  the  anglts  descriliod 

The  box  i>  capable  of  tuming  round  on  a  rstical  axis. 

It  ia  fixed  on  it*  ittand,  in  order  to  bring  the  telescope  in  the 

<rf  the  meridian  ;  then  the  angle  formed  by  Ihe  diitction  of  llie 

with  the  dimtdciii  of  the  needle,  giva  the  angle  of  dcoiina- 

thc  declination  ia  known,  the  box  ia  turned  unlil  the 

3ngV  Blade  by  thn  aiin  uf  the  telescope  and  the  direction  of  tlie  neolle 

in  ngual  to  it ;  then  this  |tiT»i  the  ixiiiTiiin  of  the  meridisu. 

Tba  «■  »■»  nwBipatM  diflW*  boiu  the  ordinary  compsw  simply  in  har- 

m«Ii«iuiiiii,  «hlch  admit*  of  a*  inoiutaimng  itself  in  a  huf 
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inrntal  pndticin,  notwitlwtanding  the  rolling  of  the  ship.    Fig.  33  np- 
Tcsents  a  Ibrm  of  this  double  BiuipeiuioD  j  wbctc  C  U  the  agkte  or  ■tod 


cap  fixed  to  the  nevdle  N  S;  D  motbiT  cop,  with  «  pimt  find  to  lla 
upper  part,  on  which  cap  C  tunu  i  A  the  pivot  on  which  the  cap  D 


!  ASTATIC   NEKDI.K. 


II.   For  the  puipoK'  of  cmductoiit  many  intnwtinff  experiment^  it  i* 
Kquiaite  to  have  magnetic  ueedlea  oo  which  the  earth  docs  not  eseR  anj 
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directing  influence :  needles  of  this  sort  are  called  Astatic  needles,  lliia 
oKject  is  readily  attained  by  fixing  tn-o  equal  needles  to  a  common  point 
of  suspcnsian,  with  their  contrary  poles  together.  By  this  means,  the 
one  needle  exactly  counteracts  the  directive  tendency  of  the  other,  so 
that  the  compound  or  astatic  needle  will  be  free  to  obey  the  shghtc»t 
altniti^'e  force,  without  being  influenced  by  the  magnetic  power  of  the 
euth. 

Fig.  33a  represents  a  simple  and  highly  ser-  e 

Ticcable  astatic  needle ;  t  n  and  n  t  are  two  mag- 
netic needles,  of  the  same  size  and  magnetic  in- 
tcDHty,  connected  at  their  centres  by  a  wire  a  b; 
the  artatic  needle  thus  formed  in  suspended  by  a      "^""^ 
fine  thread  of  mit^iiflted  hilk  a  c.    The  apiilica-      _^__^ 
ticn  of  this  astatic  needle  will  be  noticed  in  b 

oonnection  with  the  subject  of  electro-dynamics.  Fit/,  33a. 


f 


7%«  Inclination  Compass. 

This  qyparatuB  is  used  for  observing  and  measuring  the  dip  of  the 
needle  at  difiercnt  places  on  the  earth's  surface,  or  at  diflerent  periods  of 
time  at  any  phicc.    (See  Fig.  17,  p.  289.) 


AMPfeRE'S   THEORY   OF   MAGNETISM    AXI)    ELECTIia 

DYNAMICS. 


22.  Amporr  considrrc<l  that  a  magnet  u«  fonncd  by  a  magnetic  cur- 
rent, which  lie  belicrvwl  t<i  lie  the  sunie  an  an  eUHtric  current,  circuliiting 
mund  it  constantly  in  the  ramc  direction,  as 
shown  in  Fig.  34.  Sujiposing  the  magnet  to 
have  its  north  and  south  direction,  then  the  cur- 
init  entcn  at  the  south  poles,  and  cinnilntes 
mund  the  magnet  siurally,  (like  a  curkstrew,) 
along  its  length  from  south  to  north,  as  ^hown 

in  the  figure ;  that  is,  tlur  current  w  dirocteil  from  cast  to  west  in  the 
litwer  face  of  the  magnet,  and  thi-nt'ore  from  west  to  east  in  its  upinT 
face;  or,  in  other  words,  tlie  current  is  a-ictMidiiig  in  the  face  situated  on 
the  west,  and  descending  in  the  face  on  the  east.  Steel  Imith  become 
magnets  when  this  regular  current  is  pennanently  excited  in  them. 
Ampcn  frtiHi*^^  this  theory  by  showing  that  a  hdiz  of  copper  wire, 

2G 


302 


NATURAL   AND   EXPEBIMEJ^AL   PHILOSOPHT. 


through  which  an  electric  current  is  transmitted,  poaseascs  all  the  prop- 
erties of  a  magnetic  needle.  As  a  necessary  consequence  of  this  theory, 
it  follows  that  parallel  currents  moving  in  the  same  direction  mutually 
attract,  and  that  they  mutually  repel  when  they  are  moving  in  a  ooo- 
trary  direction.  Now,  wires  conducting  electrical  cuzrents  have  reaDj 
this  property.  This  explains  why  like  poles  repel  and  unlike  poki 
attract.  But  this  theory  will  be  more  fully  explained  in  oonnertinB 
with  the  subject  of  electro-dynamics. 


VOITAIC  ELECTRICITY. 

GaltAkism,  or  VulUiic  Electricity,  is  produced  by  a 
aln  cfa«nu«tl  action  upon  two  different  metals  when  brought 
\>i  cotitairl.     Gnlvani,  of  Bolognn,  observed  thai  when  hu 
luhei]  n  nerve  »nd  miisele  in  tlie  leg  of  u  dcud  frog  with 
.  'MI  ditf'i^runt  m<!t«i«,  on  bringing 
\.'!.v  iDiMAk    bio  conuiFt,  the 
:  _-  luiJurweot  a  convulsive  mo- 
11),  «u  &liawn  In  Fig.  35.  where 
.'    nnil    C  arc   the    two  iDctula 
iMight  into  contact  at  A,  the 
'  viranity    B    being    in   contact 
.  :iti  (be  nerve,  and  D  with  the 
in-*!*,    Gft(vani  conaidcrcd  ibis 
■'•■H  a8  due  to  Bomt^tliing  in  the  '"' 

.i.ilmal  etructure,  and  lience  lie  vailed  it  animcd  ehr^if\ 

■  It  of  riMiioct  to  the  discoverer,  tlio  name  of  galra 
'  ~i'-i'<7  was  given  to  it.     But  Volta  soon  after  showed  that  the 

■  T-nt  was  entirely  dne  to  the  production  of  electricity  by  the 
I  lion  of  the  twn  mtrtals  u(K>n  each  other,  and  ibatthc  nerves 
ir.'i  masL'li^  of  the  auimul  miirt^ly  eshibiied  the  free  olcc- 
ni-.ity  in  the  Hanie  way  as  any  other  delicate  eleelroseope    , 

'Jii;ihl  do.  Thi*  leading  conception  coodiicted  him  to  a  Eories 
!  ^pkndid  diticovifriegi.  and  in  particular,  in  the  first  year  of 
ilir  prr-wnt  eeniury,  led  him  to  the  eonslruetion  of  the  rotlait 
pile,  whkb  Blande  in  the  eame  relation  lo  voltaic  eleciridty 
thai  llie  common  electrical  mncliiue  does  to  frictiunal  elco- 
pty. 

VOLTAIC    I'lLE, 

ranlin  ol  atmUx  plato  of  cyTppcr  onii  linp,  ond  of  clnUi  n 
It  S  Iscba  diimitla'.  «av  pruviilid.  iwii  Bmngul  in  llic  tana 


'•itg,  bnt, 
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or  0  pile,  (Fig.  30.)    Tlic  Iioh' »(  thr  pilu  iit  a  tMij;pi«iluk,  ufm  m 

niK.-  illsk  U  placed ;  (tbiBC  tuo  iliaU  furrn  wUhi  u  uiUiO  ■  pttli ;)  » 

Ihia  puT  a  muoad  unular  pnii  b  pl»u«l,  oUnvrng  nln-uTs  tliu  tha  tt 

a  below  the  aav ;  ihe  second  piur  is  BcpatBird  from  the 

fiiKt  bj  the  cinulBr  clotb  or  card,  tiuiuJaiuil  iritii  a 

wcuk  mime  or  add  wlution.     Upon  die  msaod  pur  s 

pUced  n  third,  Eepanttcd  alno  by  a  moistened  circular 

piuoe  of  dutli  or  cord.  Biriilar  to  list  whitli  pnrnled. 

In   Ihi*  ntBniier   a   mnHidifrable   number  uf  pairs  are 

pl^iccd  ia  the  Hume  order,  one  over  tbe  oth<T,  aud  n>- 

taiitcd  in  ihcic  uprigtit  pontiou  by  mi'uis  of  rodi  of 

glaw.     AVkcn  the  hiuc  plale  nf  Uic  Jale  n-jt*  upon  aa 

insulating  piule  (if  glnss,  tliis  Iowit  |ilatv  is  found  to  tw 

clinrgtd  with  ncgntive  eleclticity,  whOsl  it*  iippci  plate 

it-  cluu)!cd  «'llh  poailive  tleclricity.    These  exlraiiiitia 

art:  I'flUtd  the  poleii  of  the  pile  or  bBllcry,  the  lower  ci- 

(reniity  brfiig  the  negative  pule,  and  llic  upper  oxncm- 

ity  the  positive  pole     If  the  metals  had  been  placod  in 

a  rcvcne  ordn-,  then  the  pol»  would  al»  obviouBly  be  rerentri. 

wins,  one  leading  trom  ihe  extreme  coppor  plate,  and  tht  other  frn 

extreme  ziuc  plate,  conduct  the  electridty  of  the  rpsppdive  poloi  B 

■ntxtRuce  upon  whieh  the  elcilrio  fluid  \x  required  to  act.     WIm 

eictremitieB  of  these  win*  are  brought  together,  an  elfctric  quirk  p 

belwi'en  tbeni,  ariting  from  the  neutraLiuktioD  of  the  tvM  dtlTangit  trin^ 

of  I'lcrtricity.    When  these  wires  are  held  one  in  each  bao^,  ( thp  niiw 

ber  of  pain  in  the  pile  being  mfticientlj'  in^iit,)  a  rapid  ) 

vboeks  are  lelt.     When  the  e.itromitia  of  the  Cwo  winw  a 

by  a  nty  Ihu;  platinum  ur  rilver  wire  about  half  an  inch  in  lintiflh,  <) 

nratraliiailon  of  tho  iwtt  clertricitie*  causes  this  liue  wi 

pcrature,  and  to  become  trd  hot,    Thp  Inigili 

of  the  fine  wire  which  may  lhu»  be  rendcrtd 

incanilcacemt  ia  in  proportion  to  Uie  powiir  of 

When  thetwowitta  prorccding  fiwn  Ihetwo 
pciJCB  of  tho  pilu  are  immiirw*)  nRU  EBcb  oUuv 
iu  aindulated  waia.  the  water  is  dcrompiiwd 
into  iiit  two  coiiMilueiil  gsKc,  hydrogm  and 
iMygai,  the  oxygnn  being  libtrotcd  fnmi  Ihu 
wire  ptwiudijig  frnm  the  pcMtivr  puK  and  ilv 
hylrim'n  fpun  tlie  wire  iHOrrodiTig  from  tho  < 
Divatjvi'  p.<W:  Ihi!  ™liimis  of  the  fUMf  air 
wHuUniUy  ill  (lii'  Mrae  proporilonit  thai  wiii«i- 
tul*  MaUi  i  tbat  is  lo  tnj,  QUO  volunu  of  (Hjr* 
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grn  tu  two  Tobames  of  bydrogcm,  u  shown  in  Fig.  3".    In  lhi»  dperi- 
Bent,  tlw  «ibnu!tgf<l  pajtii  ot  tlic  two  mm  must  be  plalinum. 
Thar  pliRitiiuBui  an  raeniy  ample  ciampteB  uf  the  various  and  im- 
.1. ,     patmt  iilt<i9  proiIupMl  by  ihe  actioit  of  Uie  voltaic  [hIg  or  battirj', 
^^^*Mi  «*  ttuiU  hereafter  more  fully  cofiMd<T. 
^^^^■TkM  Otr  aiaaha  of  puin  iu  the  ]itlc  it  (o 
^^^^■1.  Ikal  iu  bcigbt  would  he  inixniTenirat 
^^^^Bt  plain)  in  a  aiuglc  column,  t1;e  plates 
[^^■5  1»  niTBSged  in  two  or  morp  columns,  la 
Ao*nt  la  F\g.  38.  where  Ilie  cuutiituity  of  the 
^Ir  it  *ii>talncd  by  the  ban  B  and   B'.     In 
l*e,  the  negative  pole  of  the  pile  is  at 
I  tbt  lodtivc  pole  at  P,  and  the  eiTpct 
Wwllnte  i«  the  mme  us  it'  tho  second  were 
a  titc  first,  and  the  ihiid  over  the 


a  pmpasHi  a  Kvond  orrnn'mient  nf  tlu:     i 
«  battery,  ajl«l  the  diiimnnt  ib  Tamt. 
~  rra  uf  the  oppimttu  ii  rcptiiviiU'd  in 
tt  nnuisTa   of  s   •cries  of  cupe  la 
sotainiiu!  a  wline  of  at^idulatcd  nolution.    Each  pair 
u  ihR  scpatDle  cups ;  the  zinc  pla 


■  emBcrtnl  by  a  yrm  with  the  copper  plate  in  th(^  •ncco'dtng 
'm!  wire  (i.  prowiidin!;  from   the  Itrat  idnr  pkti^  fhrma 
It  |<o1d  id  \\ie  IhUiitt,  ood  the  wire  P,  prorasling  fnmi  the 
■■n-m*  thi-  7mrivc  pole  of  the  haticiy  ;  the  aanuf,  in 
|i  Ii' jo"t  dnwriljpd. 

.:  mode  in  the  conitruction  of  thoo 

itracribc  them,  we  shall  ^ve  a  fcW 

'     '  nlenlatod  to  elucidato  the  gnnenl 
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8.  £if>.  1.  PliLce  a  [hbdc  of  shem.  anc  under  youi  timgae ;  }aj  k  h 
crown  upon  the  liin)!ue ;  no  peculiar  louiatkin  te  felt  m  long  u  ll 
two  DicnJ*  do  Dot  touch  enuli  olbrr  t  now  bring  tlic  cdjjis  ctf  itu?  tw 
netala  in  contact  with  eocti  Dth^r ;  n  diiogicntUe  tobtc,  aaniMki&g  U 
coppenu,  is  inetontly  exciiud. 

Uere  the  saliva  an  the  loague  between  the  two  mctnln  a  Uic  eKddi 
cause  oT  tlie  dcvelapmeut  uf  the  clrcdic  fluid  i  and  whan  the  cdgn  e 
the  mrtolg  ore  hrmight  into  coniwt,  ihe  voltaic  circle  b  & 
pMulior  sensation  of  tsstc  is  the  effect ;  but  when  the  votane  dicla 
btokcn  this  tieniiatian  inFiintitlj'  rrafta,  'llic  peculiur  laslc  < 
when  drunk  out  of  a  pi-wtLT  pot,  is  aiso  dii«  to  the  mru-  rausb 

Erp.  2.   Itutcod  uf  the  half  urown,  in  the  taut  experiment,  ni 
<rf  chntootd  or  n  piire  of  cnM,  iron. 

Sxp,  3.  The  tlrat  cxp<.-riniaii  gnve  j-ou  a  latM  of  voltaic  dMiidtjr 
now  the  fbllowiiig  upcriment  will  give  jmu  a  ng/ii  of  it. 

Place  a  nlvcr  epooii  Intwenn  tlie  i:uma  and  one  tliiKki  and  s  ftt%i  i 
dnci  in  a  similsr  potition,  rat  thn  other  ehcek  ;  complete  tlia  vnltde  d 
cuit  by  hringiug  the  eitrcmiticB  of  the  tnctnli  together  on  thoooBdibi 
Ihemouth;  a  alight  ftnshof  electric  lieht will  itutantlybHiiuin.  B*pi 
the  (iperiment :  the  dash  will  always  be  nem  at  thv  inotant  tha  ti 
mttals  are  1>ruui;bt  into  eonloct ;  ond  a  smaller  BASh  will  be  shpb  M  t 
instant  the  contact  is  broken.  The  fipil  i^periment  mny  be  alio  pi 
firmed  bj  (he  lolver  lea  ^lon  and  Ihe  line  ^trijk 

Bjrp.  *.   X^j  a  five  sliilliim  )»««  on  a  lurprr  plate  of  tine :  on  llw  ee 
place  a  lire  leech  or  a  live  xuaU ;  «□  long  nt  ihc  creature  doot  nut  «m 
into  contact  with  Ihc  dnr-.  he  uppam  perfectly  at  his  ease ;  bnt  III 
moment  he  mores  M  as  Co  toiioh  the  sine,  thereby  oompleliiig  the  o 
nection  between  the   t«ro  metals,  he  receives  a  ehock   and  initan 

Exp.  S.   Place  a  filvcr  npomi  S  in  a  glsei 
a  solution  of  eultihate  of  Clipper !  tnlo  the  w 


inaot  a  strip  of  i 


.c  Z.    No  change  tskM  jdace  ii 


ailier  of  the  nietals,  hi  long  as  they  arc  apart :  bring 


s  ende  of  the  nictok  in 


the  silver  spoon  wiU  become  coated  with  copper,  whioh 
1^11  adhae  so  firmly  that  mete  MctioD  will  not  take 


1.  lliis  experiment  (iiUy  illiuitniteB  tAr  WwfreCMP* 
E^.  6.  l;Uee  a  »llp  .if  cojiixt  f  t_^f  Vig.  m  In  a  g] 


le  glosa  inHTt  n  slrip  of  nni'  Z ;   lo  long 
I  i'heiiui:al  Bction  can  bti  «ea>>  aotl  u 
Ij  ii  dcM^lLV''!  ■  ti'ui^  tbu  uppei  exticnii- 
d  of  ila.- imiili  ijit.n-onlntt ;  wlUc  dreom-  ^ — 7-^ 

[iiiiiiiiiel)  ln^j.i;  Uit  i-hlorinp  pom- 
Uk'  iuic.  bbA  llio  hydrogen,  let  (me, 
A  the  «utfacc  or  ikc  cop- 
a  oT  minuti;  babbles  ~  voluic 
WhhdiMW  llie  ex- 
■  of  llio  mvUb  fnaa  cuch  other ;  the 
1   (iimit  ii  broltm  —  clwtritnl  action 

•■(■d. 
It  of  (ductricity  is  nln'syn  in 
niiaiiil  tlicnitinl 
a  Dltm  t)j  the  Quid  ^tiea  l^S-  41- 

d  to  tllo  otIhx  plnlo.  Bud  tlii: 
I  iirfqiiHiQt  of  tliis  !»,  that  ibe  current  jinns-ni*  finra  this  IbMit  plntc  to 
\!.i  ixaa.    In ilie expcx'iinciit  jusi given,  the  aac  (ilnu:  i*  acteil  upon 
Dt  the  acid,  niul  Ibi^  Toltuc  mncnt  [ffncculs  ttara  tlic  uppo-  vxtmnity 
'        pDCT  plalc  til  tbc  one  plate,  w  (bowu  in  the  igure. 

)a^l(■I  acid  fin  generating  mdoII  purtionn  of  vnluiu  elEirtricity 
and  ooppKT  plates  u  gu^iouc  acid,  diluted  witb  uliout  twdva 
nda  Id  one  aS  the  altong  acid. 

.  VitaA  HtcaxneZam  slmwii  in  PiR.  n  1  plnw         -^ 
f  bloUilUC  pops'-  moiftfonl  with  iodide  of  potos-     0,'f^\ 
o  tfae  line  at  A :  briu^  the  exlreniity  B  of  the 
r  C  (iiT  pUlmum)  in  runtucl  tvilh  the 
Ti  the  curtmt  ufllie  elwUir  Quid  pi 
D  of  the  arrow  ;  iLe  iodide  of  potosiuia 
1  by  tlie  eleetric  ciinml ;    tlie  iodine 
■I  tlie  p»)tiTC  pole,  uid  the  alkali,  frco  putiuM, 
■epale. 

will  b«  iQorG  ttrikiug  if  a  drop  of  a  solution  of  Bt 
Ml  to  the  muislfucil  pspir. 
IWfurni  the  some!  experiment  wilh  the  tubuloiu  paper  m 

of  potaaea.  slightly  atidulatcd  with  hydrucldoiic 


V  Twbt  ■  piece  of  coppnr  wire,  in  t)u  firm  oJ  ■  ijNtal  or  lieliii 
>  tulw ;  cimnict  l!io  laitrcniiiiis  of  the  wire  with  tlw 
V  JilaU*  iinmened  in  dtluli>d  fulphuiic  acid ;  jiuerl  >  steel 
w  ruhci  after  ■  iluat  tinu^  the  noxlle  wUl  be  fijund 
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Eip.  10.  Bend  H  pices  nf  aoR  initi  <rir«  D  lain  tbr  Svni  of  n 
stMie  magneli  t«~iit  u  piwc  ut  cop[K»  win^  ccnotd  witii  uLk  or 
fDimd  this  wire,  lu  xhown  in  Fig.  43  :  oooiicn  Uu  c 


wire  with  Uu  volUio  pUlas  Z  and  C :  the  lunwahoe  wiie  H  boiMB 
bvcomee  a  magnet.  If  jrou  have  no  coveietl  wire  nt  hanil,  wi^  a  ji 
of  paptT  roiuid  the  horaailtoe  wire  bdbre  you  twiit  the  eoiiiis  ¥ 

Ejp.  1 1  •  Place  the  copper  wire  C  Z,  eonnceting  the  voltoie  ptntHj 
Ihp  pliuie  of  the  maf^eric  meridian ;  bring  a  magnetie  needte  exac 
aTiir  the  wire  C  X ;  the  n»dle  will  be  deflected  from  it*  north  and  Hi 
dlrcetlon  by  the  action  of  the  wire  C  Z,  coiidurtiui;  the  roltaii:  (nniti 
now  bring  the  needle  eiai'tly  below  the  wire  C  Z  :  the  neiolte  w3t 
dcScetod  to  the  udc  oppoaitc  to  that  tuwarda  wliieli  it  was  tw&sv  i 
floctcd. 


9  AMI  Ttle  DiutcnoN   ( 
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I   Fig<  45  repraseni*  a  aaglii  pair  of  mc  and  eopptxplBta 
n  1)7  a  diluted  ncid  i  the  ooniicctiii|!  wire  C  Z  shows  the 

rf  the  I'leetrie  fluid :  ihiU  portion  of  the  eopper  ^ 

plate  wtiiuh  ia  immersed  in  the  aeid  hitximtt  ehat]^  with  %( 

Iifgntive  eleclrieity,  and,  u  a  rwe^norj'  remilt  (jf  the  law  of  Ij 

deL-trical  rcpuliion,  the  pniitin-  fluid  1*  ilrivm  utT  tmm  i3ie  \l 

apfcr  BKlmnitT ;  hi-nce  tin-  ilire-.tiou  i>f  the  oihtbhI.     la  all  H 

bnttniis,  the  ctin™t  will  iJunrii  irnH^nxl  (rum  tilt  wire  at-  II 

taeJinl  to  die  metal  leaal  arlell  upon  fay  tlie  di^xnilpuiiag  \S 
fluid. 

Ib  Tulu'a  bsRci?.  reprmaiUit  in  Pig.  39,  of  whitA  «U 


»%« 
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Xtmim  may  be  ivgiirdcd  w  mcr«  niodiflcatioDH,  tlu.'  wire  P  hI- 
O  tb*  la»t  uippa  plate  will  Ik  u  ponitivi;  oi  -f-  pule,  uid  tlic  Hiici 
'  i  iTtarJuMl  lu  the  ^ixt  dsc  platu  will  be  a  DE^ative  or  —  pule. 

Pig.  10  ivpivuats  a  Tuilsic  amuigcmcnc  of  [wo  plnlo  Pt.,  Pi ,  of  tha 
-.•■.an  metal,  vu.,  platinum,  immciscd  in  diQ'erGUI  lluid*,  —  A  an  alkali, 
luid  c  mncinitjatal  nitric  add,  ■I'liimti.-d  by  a  puroiie  pnrlitioQ  a  b.  Tho 
plsliiiiUD  inunemid  in  the  alkali  liecomcs  puiatively  tlectiificd,  nud  that 
m  ihe  acid  nogativcly  dutUi&ed,  and  the  cuireut  Uuwa  as  elioHii  in  the 


n>.  40. 


*V-  "• 


!■  4*  «bixn  the  voltaic  action  whkb  takes  place  when  dilfoDDt 
nmenicd  in  dilTcnail  fluida.  The  platinum  plate  Vt,  u  Ini- 
d  in  ooncailnilcd  nildc  acid  M,  and  the  zine  plate  Z  in  concai- 
ll  nilphuric  and  S,  ihe  two  acidii  being  wparalcd  fiom  each  otlirs 
U  partition  aft.  In  thi<  ease,  tlic  mtwl  intense  elettrnmolive 
O  U  •xatoi,  the  ODD  metal  being  immencd  in  tliat  fluid  whirb 
ut  powiffullf  negatirG,  and  the  either  metal  in  tbut  fluid 
n  it  moGi  pawcrfuU}'  jxwitiFe.  This  is  the  prLnciplc  ujnin 
b  DRMTe**  battery  act;,  which  it  ucnaiiilj'  the  mi»t  powerful  tlmt 
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MO 
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Pig.  4B  rrmovod  many  of  th«c  iDDrmrenlenoK.    It  b  madT  m  d^btV 
moiiiGcalian  of  tlie  Courouac  dc  'I'sscia,  rqiraKnUil  in  Pig.  t9.    Iltef 
tmugb  T,  with  its  cpIU,  i>  made  oT  wcdgewoud  wmv  i  tlw  plattt  of  n 
and  copper,  (btmiiig  each  pair,  arc  ssUtcted  tagtlba  bjr  >  ca 


Ft/,  a. 


Tod  Bt  tbe  (op.  Iraviiu;  them  Buffidcntljr  Kput  al  the  bottom  In  ■ 
the  putitiotiB  of  the  trough.  Ilic  plntca,  thus  jcnncd  in  pftits.  vc 
attached  to  a  woodai  bar  C  D,  by  which  ihcy  may  he  rradily  let  d 
into  the  trough,  whrai  they  ore  required  to  he  in  action,  i 
frnro  the  tnugh  when  the  action  ia  to  he  sui^icndnL 

The  gtoital  advantage  Bliending  this  amnKnnnit  it,  that  by  d 
tairing  the  pkii«,  the  ttiiid  may  Feniain  in  the  trough  while  the  m 
of  the  ^ttoy  U  siuprnded. 


Waltiatwi't  bfOterji.  —  WollaMon,  hsYing  dIiiMi*(T"l  that  the  rfftH  d 
iJie  forTgning  battny  wu  auinnaited  by  iiurcBdns  the  aiuf^ui  fl*«n  « 
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fill 


•''[•^'\  lliiE  line  plute  of  CBi'li  imii  villi  ihe  copper  plate 
.  '^king  van,  at  linn  nouii.'  tinie.  Ui  uvoid  all  wetnlliu 
'wo  jilnlca.      Bf  thu  airangeiucat,  the  cuppw 
.  I  face  ot  Iht  zinc  jilole. 

■  mure  eiHiTcnient  toira  of  this  liiiltcr)f.  whEPo  the 
IV  a  riDEa  uf  g1a:e  jun.     'i^i^  a/:iil  con  he  more  easily 


n*  Wwol  iaOrry.  —  Tn  Uiu  bMtojr,  the 


nor  Biultappa  si«  wound 
glow  TUMul  liuiMinuig  tin 
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diluted  acid  ;  the  Itelix  of  the  xuic,  in  eauh  poii,  mnst  not  be  in  ntlall 
contact  with  that  of  the  copper  j  but  the  helix  of  zinc  in  ooo  void  tnu 
be  in  metallic  coniiiiunieutiini  with  tht  htdix  of  copper  of  thu  mcCMI 
ing  pair,  Biid  ao  on,  a*  iu  WoUaaloii's  liattury.  Fig.  62  kIuws  ths  im 
tta  of  fortiiing  nu^h  pair  uf  hclixia,  and  Vig.  fi.1  the  onitgh  adifaatfi 
&ir  each  pnu'.  This  arnuigcmctii  prcsmu  it  gnat  inifBcc  of  nMal 
each  pair  to  the  action  of  the  iicid.  wilboul  the  necsalf  of  having  tm 
large  tmut^hn.  The  ocid  miinire  Sir  charging  thii'  hsltery  is,  wat 
mixed  with  one  E[>rticth  in  volume  of  ttnng  sulphuric  acid  and  ana  w 
tinh  of  nitric  Bcid. 

llu-  baltiTiee  hitherto  described  all  haie  one  derided 
vU.,  that  aTtcr  a  short  time  tht-v  kwe  their  powu,  which 
tu  Hcl  nith  n  variolilc  force  duritig  the  «iimc  ooune  of  eupcrimenta.  1 
niic  platG!  Boon  beimne  covered  nith  sulphate  a{  cine,  mid  the  cof 
[Jutes  with  hydiogm  and  even  oxide  of  xiiiu ;  thoHi  depoata  not  n 
greatly  tvdiice  the  power  of  the  hntlny  when  in  une.  hut  aln  fwji 
llie  pfutt:!^  to  be  fdiioicd  Ijofbro  bcin^  put  into  action  aguiu-  In  cffdiv 
avuid  ihi»r  iiii-oiivuiiiiiicts,  Duiiiell,  Oaivc  and  Buiwen  in*aitcd  tl 
couatiuit  batUrieB. 

CONSTANT   BATTERIRS. 

7.  These  batteries  arc  cmetrucled  on  the  principle  ezplainitd  in  o 
ncclioii  with  Fig.  47.  p.  309  ;  where  the  pormu  partition,  witliout  inl 
niptiiig  the  conduction  of  the  voltaic  Quid,  prevents  the  Hcouioulat 
of  dcjiOBiliona  npon  the  platea.  a 

DaaUlTi  mattaia  baitrry.  —  A  single  pair  of  tHa 
hatlctTis  rcprtsented  in  Fig.  fll,  A  is  »  copper  vw 
•ol;  C  a  porous  cell,  into  whith  ia  inserted  a  tylinda 
<rf  ainijigBinBted  rfnc  B  ;  a  and  b  are  binding  screws 
Jbr  connecting  the  raipcctive  mctak  with  others  in 
ibc  nericB,  or  (or  attaching  conducting  wires  when  a 
single  puir  only  is  to  be  used.  The  cell  C  into  which 
the  anc  dips  is  filled  with  diluted  sulphuric  add. 
(nne  of  ttnmg  aiid  to  nhnut  twenty  of  water  i)  and 
tha  toppLT  Timel  A  in  (illod  with  a  ratuisttid  nolucinii 
of  njlphulo  uf  copper.  So  long  w  tht^  polca  a  luid  h 
•TV  diaeunntM'Icd,  no  action  wilt  take  place ;  but  th« 
tmmient  ths  lirtuil  in  compl(-t«l  Ity  vmnecUn^  the 
Mii'wii  a  and  B,  a  very  powtrfiil  oxtiun  uocun  i  the 
inntr  aurfiuv  uf  tin-  po|ipiT  Tiwl  lii'imicB  gradually 
coTvrtnl  with  a  layw  uf  yaxv  fxipp^,  and  the  [htuub  mII  C  b 
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d  «llh  MilpbMi.'  of  ^c.     Thu  pior«i  iciidB  to  deprive  the  solu- 
it  Mdphal*  of  w|i[icr  otf  iu  eopptt,  and  to  neuCraliie  tha  Bulplnirin 
T  iW  ittwilutlim  of  llie  liiic ;  in  order,  therGfiun,  to  Biutain  the 
sipaiiml,  Brtn^  iTytlnli  of  mJphttCP  of  coppci  are  pLiced  upaa 
iiralctl  ihi!/  c.  id  mntiirt  »ilh  Uw  tolulirni. 
Fig.  U  ibcm  ihc  nuuiiinr  in  wliiiJi  a  Ktiis  of  iIieeo  cdJa  arc  Ron- 
■odad  »  a>  to  lorxa  a  biiUiy. 


/^.  65. 


s  of  this  bsttc[7  ore  as  Jbllowi. :  ( 1. )  Tiie  Hjutdao  of 

i*  kppt  apart  from  the  coppot  by  the  poriius  rail.     [2. 1  'ITii-  hy- 

ii  inMnd  nf  uvajihig,  ■»  in  (he  oidinary  battcTtes,  cutnbiuDs  wilh 

n  of  Ihp  oxitli^  of  iiip|iei,  and  pretiiDtatCH  pure  voppor  upm  the 

lot  in  the  liiiKbttHt  di^rw  altnil  l)iii 

rf  Uw  iMtury.    (I).)  'lliiscaro  no  noxitnu'  fumoi  nriuiig  tsma  th* 

IT  iMttiTy.    (4.)  The  BiDalganuUiflii  of  the  ziiie,  wiihoul  at 

c  tlH>  pni<lui,-tiiin  of  electricity  by  thebatiaT.piTvefiig  ibciinc 

"  Kihnl  by  lh.>  •nljihuric  add  when  the  bBticiy  a  not  in 

•■y,  ™ii«i  Ita  J.  j™  are  not  nnited  by  a  conductor  i  Init 

*  imioD  take*  pliuT,  the  ranc  ia  attaekrd  by  the  acid  just 

ere  not  tlicr?.  nn]y  t}ie  uxid«  tliat  i?  furnird  dixa  not 

■  oT  the  mrtfll.  wUicli  xt  wotit.l  do  if  thi>  riiic  wne 

od  would  tliiniiy  Viid  lo  wcialir.'n  llic  m'tlo'i  uf  Ihe 

.  ■  |1HW  of  nne  am  nay  vaaily  anuilgBniated  by  imuiiug  iius- 
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pmy  ttpOTi  th»  lino,  imit  at  llir  wmr  linu  rnliUng  it  on  tke  an! 
ynA  u  piece  of  nhiunflu  leulha  ilisiprtl  m  itilutod  Bulpfanric  »aA,  w 
tUtaia  the  surface  of  ihc  dnv,  uiri  ibmby  bnogs  the  aumuTj  anil 
■Dtd  comMiutJon. 

Cruiw'»  bail^ji-  —  This  balUry  i»  wm- 
utmcUd  on  (he  Mme  prindple  as   Dan- 
ieU'i :  that  U  to  tay.  the  plules  are  acted      _^ 
lt[ioa  by  two  liquids  soparated  &oiu  each      H   , 
other  by  a  purous  earllien  wore  portition.  a  "     jT' 
The  pun  of  plmn  arc  cimpiiBH)  uf  niiiui- 
gaiaMcd   xiiic    Z   Riid    pintiiiiiiii   tiiil    IV, 
phingwl  into  u  ChII  A  B  ( '  U  composi'd  i  I 
gluMl  pnnL'Clftin  orgloiw.  llie  cell  A  It  ( '  1  > 
i>  fllleil  with  diluted  BiUpburit  odd,  u)ii<  1: 
acts  dindly  upon  the  nnc :  and  the  pen  <  ." 
cdl  a  iiilD  which  the  pUtiouta  ia  plun^i 
u  filled  with  nitric   acid.    TIii?   platinii 
pklG  P(  ie  in  mWidlic!  contact  with  the  zii 
of  the  succeeding  ctM,  aa  tbown  at  it ,-  aim  _. 

■0  Ott  W  the  whole  Buriw  of  ccIIb  in  the  *'' 

battery.  As  the  power  of  theae  batteries  ii  mudi  incraiKd  by  giving 
thp  zine  pUtce  a  rery  huge  surface  as  comparcd  with  the  •ui&ce  of  ti 
jilaliiiuin  plalas  (he  anc  plain  ore  lienl  rouud  the  puioiu  cell  a,  ao  111 
they  ibnn  in  each  cell  two  verticlJ  surfiKcs  united  by  a  bdrixontal  U 
(ace  at  the  bottmo. 

When  the  pola  of  Uue  batCrry  are  luiit^l,  n  sb  to  biinf  it  intit  n 
tim,  the  hydtogen  arising  from  llic  d(uiiii]«stion  of  diluted  arid  do 
not  BitBrh  itodf  to  the  platuntm,  lut  gnce  to  chaiif*  the  altite  •ci4 
fnta  nlBous  ncId ;  the  onric  of  liiic  tmuun*.  bb  in  Dtoiidl'*  biuvn 
{ha  oill  of  the  diluted  acid,  without  pcnctmtin);  ihnnigh  the  pomw  a 
to  thu  plBtinuin,  wliicb  cnnwqucntly  mnuiu  pcoAxtly  clnm ;  ihb  (ji> 
ounuitance  enentiatly  cootributca  to  keep  up  the  powrr 
IIh!  battery,  which  render  it  hi  Tntunblu  ■>  a  voltaic  Mtnlnnnlion.     Aita 
a  timts  hawever.  the  nitrouv  aciil,  which  is  conatanlly  fimnnl.  Mcijuirai 
hi|cb  tempoatTUi!,  and  giTe*  off  deleterious  fnniu ;  wlicn  thu  lain:)  plaosi 
the  aclioa  of  the  hsttwy  Bhnulil  Iw  armit«l.    Thi*  bniiw; 
erety  puipoM^  is  th«  most  piwerful  thnl  liaa  yet  bodn  «ui*lnii'tHl.    About 
half  a  domn  cell*,  with  a  pUtiniim  surlhcv  in  each  nf  tti  xiu 
will  be  (baud  RuflicienUy  powerful  for  pcribrming  all  the  nic 
tag  eqanmcnn  contuicttil  wi[b  valtiUc  electricity. 

Bwum'a  Aorturv  diAm  from  Otdtc'b  only  in  charcoal  toing 
far  Uie  platinum.    The  oells  of  this  tiattny  htixi  Uia  vj  liiulliul  Itaoh 
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■I  in  Fif ■  fir,  bn  wnw>i]iieirf  uT  ilie  carbon  or  rJiareod]  Mn;; 
bai  maik  in  Iba  bunt  bf  Iwlkiit  cjliuilin.    The  strip  of  coppiir  A  B 


di)c  of  one  cell  a  unilcil  with  the  caibon  qilindcT  of  tiie 
ig  «ll ;  and  BO  coi.     The  figure  also  sbowa  how  the  strips  of 
Kill  D  forming  tht  poli»  of  the  battctj  are  ctmuetlcd  »1th  the 
ru-  cclU  oT  the  liiLtlaj. 

:))  rbwi^oal  cylinder  usually  airtict  a  collar  of  rnppra  at  it?  Ufpa 
r  ikr  ptupue  of  fixing  thf  mnncctiBg  stnp  of  rojiptx  to  it ;  ihii 

or 
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copper  standi  above  the  glui  Tesael  ho  as  not  to  come  in  contact  -with  the 
nitric  aud  ;  however,  it  is  found  that,  on-ing  to  the  porous  nature  of  the 
charcoal,  the  acid,  to  a  certain  extent,  tii<ca  to  the  coppei  coIUr,  and  in 
lime  destroys  its  dfidency.  The  fullowing  contrivance  (sec  Fig.  $8) 
completely  remedies  this  inconvenience :  the  charcoal  cylinder  C  is  solid  ; 
and  into  its  top  is  throat  a  stout  copper  n>d  N  M,  which  is  bent  eo  u  to 
be  brought  into  contact  with  the  succeeding  dnc  cell.  To  jffCTent  Uw 
add  asccn^g  to  this  copper  rod,  the  top  of  the  chaicoal  cjliudc  aur- 
TDunding  the  wire  is  covered  with  a  cement  of  wax- 
It  is  almost  unnecessary  to  say  that  the  charraal  cylinder  in  this  bat- 
tery is  plunged  into  the  nitric  acid,  filling  the  porous  tube  or  cell,  and 
that  this  parous  cell  is  placed  within  the  cylinder  of  amalgamated  xinc, 
which  is  surrounded  by  the  diluted  sulphuric  acid  filling  the  glass  Jar 
or  porcelain  vcasd. 

Sniee't  batln-y.  —  In  this  battery,  the  plates  are  acted  upon  by  only 
one  liquid,  viz.,  diluted  sulphuric  acid,  (one  part  of  add  to  about  miki 
ports  of  water.  Fig.  69  represents  one  of  the  cells  of 
this  battery.  A  the  earthen  ware  cell  tilled  with  the 
diluted  acid ;  Z  Z  two  vertical  plates  of  amalga 
niatcd  ziur,  one  on  each  side  of  the  platinized  plate  of 
silver  S  ;  w  o  bar  of  vrxA,  to  which  these  plates  are  j 
lixed !  4  a  binding  screw,  which  accurea  the  zine  plates 
to  the  «-ooiieu  bar.  The  connections  are  made,  as 
usual,  by  means  of  the  small  binding  screws  shown 
in  the  figure.  This  fonni"  a  highly  economical  and 
efficient  Ivitlcry.  Although  its  jiowiT  may  bo  less  than 
(jrove's  biiliery,  at  the  same  time  it  is  in  many  m- 
B[)ects  more  convenient  and  agreeable  for  general  use, 
cspei'iolly  fur  conducting  cxpcrimcnte  reliitiug  to  elec- 
tro-magnetism. 


Fit.m. 
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TOLTAJUETERS. 

Thesp  mrtrnmenta  urn  nseti  for  men^uring  the  power 
iMttery.     Tbi^re  ore  tliree  kindis  of  vullumetera  al  pres* 
«tt  in  nso;  one  of  them  Ae\M>a<l&  ujxtii  tlie  deuiinpoaing  power 
of  tlw  bailery,  another  ujmu  lu  boating  power,  and  the  tiiiid 
upon  lis  magnetizing  power. 

hm  nitta&f  Uxai  Ehoim  tiuw  the  polw  of  •  batter;-  twolve  water 
iutituiail  gases  —  hydrugen  sad  oxygai.  Now,  it  in  pnaumed 
lMDtnp<Miug  power  of  a  buttsry  U  in  proportion  to  its  gmeral 
tathra  in  proportion  to  the  quantity  of  dectric  Suid  develciped 
~T  thB  liaHoy.  Now,  in  the  gaa  Tuitamcteis  re|u«»cnled  in  Fi^  GO.  Bl'i 
I  .1  «-i,  \he  quantity  of  gm  lil-eratcd  by  Uie  polec  of  tbe  battery  in  a 
..im  time  t>  taken  as  tbe  meaBuic  of  tbe  power  of  the  battery :  cr,  wlwt 
NiutuitB  Ui  tbe  name  thing,  the  pnwer  may  be  larasnred  aocording  to 
'II'  ini«M>  nlu>  ot  tlie  time  reqiu>i(e  lor  Uberntiiig  n  giv^n  votume  of 
-  «»fc 

In  Ki-  BO,  tbe  plntiniim  polos  of  the  battery  are  placed  iiatieftllr  In 
id  gla»  tu|j£  U,  very  neai  to  tsaub  uthtr  )  the  li 


II I     "P™ 


m  out  at  Ihg  bottom  vend  V  eontaioing  tbe  wntci',  lo  that 
n  nay  br  rodily  nude  bctwocn  tlion  and  tlu  wina  leailliig 
27  • 
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ftom  Ihc  eitnine  pUlo  of  Uie  botlcry.  Tho 
two  gjuQi  in  UuB  inetnuutnl  are  wt'taTOd  in  tho 
SUDS  tubei  ihej  may,  howinrei,  be  rccdvirf  iii 
teiMTOte  tubes.  t»  in  thL-  instrument  rcprcaonted 
in  Fig.  37  ;  but  in  ibis  caie,  the  {lUtinum  pedes, 
bdng  at  a  greata  dlRauce  ihnu  each  other, 
eaiue  the  devompiisiliun  lo  go  on  more  slowly. 
When  the  butttry  has  Tcry  great  power,  the 
gaso)  «ic  usuully  collcfted  in  s  graduated  re- 
cdTET  D  (Pig.  fl  1 )  plai-cd  upon  the  imeunuitic 
tiDUgh  N  ;  the  dci'OmpiKitiim  of  the  water  tikes 
place  in  a  bottle  M  tilted  up  with  a  cork  and 
bent  tube  A  for  conveying  the  gases  to  the  re- 
ctdver  D ;  the  plnlinuin  polctt  or  electrodes  P, 
hanging  near  together  within  the  bottle,  are  con- 
nected with  the  wires  It  and  C  leading  to  the 
tonrcme  plates  at  the  battery. 

Fig.  62  represenia  an  eligihle  form  of  Ihii  ap- 
p«atus,  when  the  libcrnTion  of  gas  is  very  fee- 
ble. The  quontiiy  of  gai  it  meomred  by  the 
amount  of  displAeemeuc  of  the  liquid.  A  gtad- 
uatnl  tube  A  proceeds  laterally  ftoia  the  lawn 
part  of  the  vearal  V  wherdn  the  decampoatinn 
of  the  wat^  ia  larried  on ;  to  that,  ns  the  gases 
rise  to  the  top  of  the  diMpd  vessel  V,  an  c<|ual 
volume  of  wnin  k  thrown  up  the  tube  A. 

The  three  following  voltamcteis  depend  upon  the  calorific 
hMtery. 


[.  «4  nptoEM*  B  volimiDirr,  whitli  n  uim-ly  ■  .li?ht  modiflcudon 
»  pytmuMt.  Tbe  jilotiiiiiiti  win;  o  9  lomiiiis  a  ponlou 
^  the  nriuiii  linnii  iKcnmis  piwccniUjr  ln'Ui-d,  and  exjHUids  nnd 
•Hon  ilir pwnia ad  to  fall i  tho  erndiiatlim  on  the  quadrani  indirsna 
tW  ■mooul  of  tapoiuiDD,  nnd  cmisniucnll}-  the  relative  pnwcr  of  tlie 


(.  IM  rrpnaKntii  a  slill  more  *Enailili;  Tolluueter,  in  which  the  plnti- 
a  win  furmiDg  a  purtinn  of  tlie  vollDic  dreuil  paa^ra  through  the  linll 
a  ail  tbiviiiuniatei ;  the  ci}Mnsion  of  the  air  lij  the  heat  of  the  wire 
•  Ibc  liquid  ta  rise  in  the  vixtico]  graduated  lube ;  nnd  en  od. 
m  nagaetio  niUameUT  will  be  hcrmfWr  fuUy  described'. 

EFFECTS  OF  VOLTAIC  ELECTniCTTy. 


CHEUICAL   EFFECTS. 

9.   Tbe  cbcmical  action  of  vollaic  electricity  upon  different 

aixm  plaudit  in  liie  circuit  furma  one  of  its  taost  tmpoi^ 

it  rad  reokrlcalile  features.    It  has  bei'o  ahowo  that  frictiooal 

;erl8  a  ctiemtcal  aciiim ;  but  it  is  very  feeble  as 

licompuvd  nitli  ibat  nhicb  even  small  voltaic  biiltcries  exert. 

uf  the  must  rciniu-kalile  facts  coiinecttd  with  the«e 

lailiuiui  its  that  certain  eleuifut»,  into  wliii^b  the  eub- 

>  ara  resolved,  always  arrange  themselves  on  the  pos- 

»  poU)  or  electrode,  nnd  cortiiin   other  elements  always 

e  tliemsclves  on  th<:  nugiilive  pole  or  electrode.     Thus 

I,  «hluriue,  iniline,  and  tbe  adds  always  &y  to  the  |io»- 

ole  of  ibe  battery ;  and  hydrogen,  alkalies,  oxides,  StCt 

rmjra  fly  to  the  negative  i>olc     For  example,  iu  the  ducom- 

ioa  at  water,  (see  page  301.)  tbe  oxygen  a  accumulated 

R  Inbe  placed  over  the  positive  jmle,  while  the  hydn^en 

j'  aomunulaied  in  that  placed  over  tlie  negative  pole.     This 

X  baa  \ttl  tn  the  forntaEJon  of  a  system  of  ttgeim-elirmiiiTy, 

B  re»p<«!live  poli!s  are  siiippo.-ied  to  be  in  a  coutntry  electri- 

•  io  Lhe  eluuieiiL?  wliliib  ihey  attract;  hence  oxygto), 

1,  acids,  dfc,  are  negative  elemciita,  an<l  alkalies,  ox- 

,,  an:  {to^live.     Every  cbetuiciil  compunud.  therefore. 
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consists  of  a.  nogttlive  element  and  a  posilive  element,  « 
ore  held  uniuxl  by  liie  law  of  ctecirical  aiuocUon, 


Ezp.t.  IlrcompaHlimi  of  water. — Thil  i>  moBt  tUcfiHfuU): 
by  ti\«  apponitua  de».Tibi.>d  at  page  304  :  but  llie  liiUinviiig  liiiipic  fan 
of  iDakiiig  the  exptrimeiit  is  highly  instructive. 

InuiiEiso  B  utiip  of  BniulgunaUxl  zinc  and  a  i^p  of  clean  tnppcr  iU 
ft  gliue  of  water  eligbtlv  aciUulated  with  gulpliiuii:  ui^il :  m  long  w  II 
metkli  aie  ki.'pt  apart,  no  action  can  be  obicfvcd  :  tnil  the  ituituit  tlu 
the  upper  extremities  of  the  mdAlB  ore  bTou;jht  inlo  connicl,  the  mte' 
dccumpowd,  niunnaUB  little  bubhlca  of  bydrogcn  collect  round  the  cq 
p«r,  mid  the  oxygen  nt  (be  aanie  Dine  fasa»  to  the  line,  und  ntiiRw  it 

Krp.  2,  D<^e„H,poiilio«  of  juulral  taUt.  —  Fill  the  two  tuba  of  tl 
Hp]>arutui>  r<-priai.iit«d  in  Fig.  37,  puge  304,  with  u  nolution  of  Rulpbal 
of  soda,  in  any  other  ncutml  ult,  culoral  blue  with  tiui^ure  of  violti 
Ihen,  when  tbv  b;ittery  a  in  Hction.  the  noid  will  be  allrKUd  to  tlu)  p 
itive  elcctrude,  and  will  rendrr  the  liquid  in  the  tube  red,  and  the  •Ui 
wiU  be  atlrscled  to  the  negnliTe  electrode,  and  will  tinge  the  liquid 
the  tnbe  gteen;  tranapoae  the  polfS,  and  the  eSiectB  will  be  iviiuuL 

Eip.a.  To  prtdpilatt  a  tMtai  Jront  Iht  loiuiion  of  a  metidtie  »aM> 
Pig.  m  represents  a  dmplo  piece  of  appamtus  for  prxlucing 
tbii  decompoeicion.  n  is  a  gloati  tube  about  aa  inch  in  diom- 
etta-,  having  a  piece  of  bladdLT  tiol  over  its  tower  extremity, 
and  xuipradcd  in  a  liuf^  gli>B>  vend  ft ;  pour  a  snludon  at 
acctnti-  of  Vad  (fiilphale  of  copjicT,  nitmie  of  «ilvis,  ftc..  will 
atwKcr  the  purpnce)  into  tbo gloat  tube  a;  fill  tfao  ouira  Taatl 
with  diluted  nilphuric  acid;  inlo  the  aolulimi  of  load  in- 

DUtnc  ■  platinuro  wire  p.  and  into  the  tUlulcd  aulphuric  odd     

plunge  a  atrip  of  amiUganiated  tine  7,,  in  metallic  contiicl     ^1^ 
with  the  platinum ;  tlicn  a  voltaic  drcuil  will  be  ftrnncd,  con- 
■udng  of  two  mnnla  and  two  exciting  fluiiU ;  thp  acMatr  of 
be  (lecmupoml.  the  metallic  1«d  will  be  attracted  to  the  platb 


»lh<Ki 


■  called  the  Uad  t 


t,  &&.  diiiMul  a 


The  nietallic  Te^n^aii 
voliain  artion. 

Bxji.  C  Connect  the  tin  fial  plate  O  with 
the  cuppa  pole  of  h  nmnU  betttr;,  and  tbe 
mnat  iJntr  D  with  the  aao  pole  of  the 
battiTy.  \mj  a  pienr  of  white  blotting  jh- 
piT,  •oak-.-d  b  a  diluted  nolution  of  hyilni- 
idiUiric  uoid  and  jinmuiU'  of  potasco.  upon 
tho  i>lale  D  ;  draw  a  nomlm  of  ttnika 
with  a  bruiih  dipped  in  mmbih  now  IhE 
phuc O.  a«  »liowii  inFig.  BOi  tokn  a  bait  u'ire  A,  and  cameMikatwol 


Fif.  6«. 


IDDTD  ibewire  fttim  enil  di  cnil ;  then  (lie  electro  cimut 
iijilctr  irha>L'T0  the  wire  mruivot*  llic  nunallic  (i>il  and  tlut 
'■  <:np  Iiapu.  Bud  th>-  I'Uuuit  will  be  hnlun  tu  thone  part£  where  the  wini 
,  -MS  iHcr  itic  rmiliib  I  iho  Milubuii  Qii  ihc  papa  will  Ih.'  decompowtl  st 
'K-  bwraa  porU.  bul  will  icmiuti  uncliongiil  at  the  loiter  parts,  m  wHl 
bg  ttucnm  bf  the  da'p-lilue  marks  formed  upon  the  papix  bj  the  deconi- 
postioD  a<  Ihc  pn^nate  of  potuaL 

(Tliis  cipintDctit  iUuBtniffi  the  piind[>le  on  whidi  the  copying  «(r«- 
f  uUs'tf^  U  cnnscnictcU. 
I  EUclrotyping. 

1ft.  The  decnmjiofeitioci  sini  reiiuction  of  mcliiis.  in  a  elate 
<  I'  sulntiun.  by  lliG  vultuic  hutlury,  liua  led  tu  ediiii.^  impnrtiuil 
i.-WTcricd  ill  lliu  arts  —  suult  us  eleclrutyiiiiig,  ele<:truplut- 


Thc  dpttimmt  given   in  wnnestiou  with   Fig.  43,  page  310.  is  ft  ' 
fiuniliiiT  cxuii)ilo  of  ckctroplating  1   eltxtrocyping  dciwuds  upon  the 

J.  61  ttftvmau  n  »cry  eimplc  wmtrivonco  for  ob- 
if  (null  iJccmitypc  cHts.  A  is  a  glass  vtwcl.  in 
ll  tlK  mculd  lioin  wliich  ihc'  cnil  U  V 

a  glass  tubf  suspended  within  ihu  Tc»- 

t  «np>  of  mctsU.  The  lo«-cr  nid  of  itii* 
't  m  itiM  doKd  bir  tying  a  pinrc  of  bluddur  over  it. 
»  Miip  of  biwB  6  p  hiu  two  bindiiie  KTvm  h  and  a, 
■■  whtcb  the  wins  a  Z  and  i  S  iirc  tu-ured ;  tlio  loir- 
.'  rxncvillici  of  thcw  wim  cturythc  sulxtonm  Z  /.v,,.  i;;. 

::  d  t,  which  act  as  tlif  I'kctriniiotois  or  Toltaic  plnlee 
<mut(lllu1iag!  tiler  simple  b)iri«TT.  Z  is  an  amalgamated  anv  plate,  SDS- 
pTl'»)rt  wiiliia  Ibn  \vAyv;  k  i*  tlie  body  &oia  whidi  tlie  cant  m  to  ba 
taken,  laid  on  the  spu-al-thapcd  extmnitj  of  the  wir«  h  k  ;  ibn  model 
«  tlrctinmotiir,  utd  Z  the  poridve  oltctrmnDtnr.  The  large 
rfmci-MrMi-A  fnliitton  of  auliihntc  of  cojipa ;  thin  In 
tsIWpt  bl  •  ratimtiyf  state  by  havini;  rrplals  of  sulphulc  of  c»p- 
■  d  tn  U 1  the  tube  H  is  ftllwl  with  diluted  sulphuric  arid ;  the 
\t  ibuuld  Hand  at  ihc  unio  level  in  both  voibcIa.  According  to  this 
nisit,  thp  elccltic  current  pusiM  from  th«  xiiic  Z  to  the  mould 
1  pun  tnctollic  copper  i*  departed  upon  tlw  Karlkw  of  the  mould. 
B  Ib  tlBw  form*  a  eomplrte  imiil  uf  thif  mirTacc 

\a  fcUmrinK  ;artii:uhu>  aluuld  1»  atlundcd  to  in  mnUng  dcclnlj-pc 


»ti 
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cwls:  The  suifiuss  of  die  originalB  ebnuld  be  good  conduMnx  and  tl 
khuuld  not  contain  an;  eubiitancfa  which  would  be  Hclcd  upim  \)j  < 
iu]))hsle  of  copper.  The  model  uuty  be  of  gypsum,  wax,  or  unjr  luni 
aDU-conductiiig  subslance.  jirovided  the  smface  of  the  model  Ijr  oovn 
with  a  mctsUic  coating :  plumbago  dust  or  bronze  [lowdiir,  lud  on  wl 
a  cajraid'a  hair  bruBh,  fbrms  a  very  gowl  coating.  A  wax  imjiiVHJ 
should  be  fint  sligfatl;  moiHleiied  with  alcohol,  nod  tKm  ibc  \3uck  ll 
ihould  be  rubbed  onr  it  with  a  stiff  bnuih ;  the  copper  wire  ebouU  tb 
be  wormed  and  pressed  into  the  margin  of  the  wax ;  the  cnnncction  I 
tweelt  the  vox  and  wire  should  then  be  made  with  the  black  lonL 
coating  of  wax  diwolTcd  in  tuipcntioe  will  protect  any  port  of  k  a 
from  unj  nieiotllc  deposit-  In  every  electrotrpe  cast,  the  cltTfatod  p 
(ioiH  cf  the  original  will  be  dcproted,  and  via  vtna  i  in  Qtdur,  tlMnb 
to  obtidli  (Riout  fae-unuk>  of  tlic  original,  the  fitvt  cnM  munt  bv  oapl 
■  malm,  on  which  the  ooatiiig  of  coppo-  wnA  be  thrown  by  tlw  di 
tnttypv  pioccas. 

Fig.  68  represents  a  mure  convenient  attui^cment- 
-  (  it  ttie  amalgamated  zine  rod,  stiEpondcid  is  the  po- 
Touc  cell  p.  which  contains  the  diluted  aulpburia  add ; 
c  the  glaas  or  wrthcn  ware  TKBei  contiuning  the  sola- 
tion  of  sulphate  of  copper ;  w  the  copper  wire  eon- 
nccled  with  the  zinc  b;  a  tuuding  sovw,  otid  wnyiiig 
at  ila  lower  extremity  the  seal  or  mould  m. 

Pig.  RS  represents  another  orrangenieDt,  whore  the 
ouRtnl  is  generated  in  a  distinct  battery  A  i  B  is  a 
distinct  TEStd  6>r  oondnctiog  the  elocliDtype  pioeusa. 
M  I*  a  metal  rod  far  supporting  the  moulda,  and  a 
another  rod  supporting  coppm  plates,  which  Kinn  tlie 
poatlvp  dcctiomotoTS  ;  i  connectt  the  numltk  n-ith  tlie 


fV-M. 


e  in  the  battery,  and  i  connects  the  copper  pluCcs  wilJi  the  0 
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jjala  nf  thr.  bollrry.  The  <rEB(el  B  contains  two  parts  of  Ealumttd 
■iiliilinn  cd  mlphotc  of  coppm  aod  one  foit  at  kulphuiii.'  u^id  diluted 
■rllh  nlnfil  •rrai  puti  of  water.  Tbe  u'tion  which  takai  place  in  hiid- 
plf  B)  fnlkiwi :  the  coppo  u  consunKd  from  the  plain  c,  and  dipmilcd 
OD  tW  nwulili  ■•  ,  ■□  ihot  tlie  aippBr  eolution  in  (ho  veaaj  B  Tcmsins 
d  in  Ha  Kreni^tli  from  the  coauiieacemeDt  to  tbo  dole  of  the 


tKl.f:CTROPI.ATlKO  ExrKRIUENTS. 
I.  B^  ti  Place  a  tmnn  (ilntc  of  clenn  platinum  foil  in  a  saucer,  and 
r  am  it  a  nolmimi  ot  wilphatc  of  copppr,  covering  it  lo  the  drpth 
IbMU  a  rixtontb  of  on  incli ;  toiwh  tlie  plnliniuu  plate  with  a  pont- 
Mfid  bent  Kinc.  the  other  end  of  which  a  kept  in  the  liquid ;  dif- 
MMlarMl  rin^  of  mnal  will  hr  Ibrnied  npon  the  platinum  plate 
!^  a.  The  briUioncy  of  tlie  dcponiiioas  will  be  much  incataiwd  by 
Mbifl  •  onaunl  bailor  ^  ('v  "^  ^"^  V*'"  '^  '^'^^ 


rapTECTIOX   OF   METAL   PLATES    Br   VULTAIC   CURRENTS, 


Vukiiic  curreats  not  only  ailect  combinatioDS  and  de- 
but ihr-y  may  bIhi  be  nnplayed  lor  impeding  or 
livin  decompositions  wliicli  would  otherwise  tiikc 
b}'  tlie  ordinary  taw»  of  chomicAl  alHaiiies.     Thus,  for 
ipl>:,   Dnry  protrct«d  lbs  copppr  boiiorus  of  ships  frnm 
comaan  of  the  salt  water  by  connecting  plntes  of  «itic 
the  copper  nheatliing.     la  order  to  prolPM  a  mcral  from 
eb»mtaal  action  of  an  add  or  a  saline  solmion,  it  U  only 
iry  Ki  combine  Ihfi  mutal  with  some  other  metal  in  the 
flpid,  which  shall  act  as  the  positive  electromotor. 

Ejcp.  I .  Placo  a  roppvr  plate  in  n  wucel :  pour  srane  diluted  ralphuric 
acid  opcB  il :  thai  the  metal  will  b*  Tiolrolly  acted  upon  by  the  Btid  i 
nam  toiicb  lliB  eo|i|>CT  with  a  iHip  of  linc  and  the  action  on  the  coppiT 
will  be  inMnitly  armtrd ;  ih.^  nrtion  will  now  be  trnorfeiTPd  to  the  rinc, 

d  tfac  fUfpn  will  rtnnaiii  unaffixWd  by  the  add,  until  the  whole  of  the 


«ltiunpl 
^_^lbe  con 
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13,  The  TDoM  brilliant  .of  oil  tho  cfibcU  of  valtaic  clccUioty  u  i 
areh  of  electrical  light  evolved  between,  two  chantnk]  piriutt.  TUa  pi 
nmneiuni  mij  be  cxbiUtifd  with  sbont  a  dozpn  pun  of  Gmrc'ti  ix-  B* 
lai's  battery.    This  esperimeut  may  he  mcHt  canvemeiitly  peiSanaei  1 


fixing  chucool  plants  (pieces  of  grapliitc  nayevt  best)  to  the  Mid*  < 
rniiTdsol  diiichaTger.    'llie  poles  of  the  batteiy  are  reiptcliTdy  ONUM 
vith  tbc  extrcmiliea  of  the  rods,  m  alioim  in   Fig.  TO,  wIhtd  tho   I 
A  B  nipiuAcnta  the  form  of  the  i-oluir  light.    The  point*  mtidt  ht 
breught  inio  wnitai:!  with  cauh  other,  snd  then  gradunll}- 
iiDtil  the  anh  Blmiiii  itt  moec  brilliBnl  uppcoiancci  the  leiiglL  oT  ll 
arch  of  coune  variie  with  Ilie  power  of  the  banery ;  that  ia,  witk  fci 
teiie*  of  BTerngc  power,  &om  three  quortciB  of  ou  inch  to  about  aa  in 
and  B  halfl    Thit  arch  of  flame  ia  not  produced  b;  ooiabiwCioo,  lb« 
ma;  be  extuUted  with  CKpial  brilli&nc;  in  a  vacuum,  and  even  tak 
liiacG  under  v/ala. 

The  intense  heat  of  this  electric  urch  will  ignite  the  meal 
ftubetancCB. 

£i7>.  1.   Amolgamnte  the  ends  of  the  paliu  wins ;  hnng 
tngethcr,  while  the  buttery  ia  in  action ',  a  white  atarlikc  ap 
wen,  accompanied  with  a  craclding  noiw  mmlhu  lo  like  GmMoa  vf 
fyrbit  Hpark  of  frictimial  clocuicity. 

Bjji.  1.  Thp  spurk  obtained  from  thcic  amalgamatai  paitit>  way 
■eai  under  water,  or  in  the  flame  of  a  candle 

Eip.  3.  liiunene  one  of  the  wins  bto  niacuiy,  and  bring  dia  • 
of  (ho  oibcT  wire  dcot  the  Burfnce  uf  the  fluid  i  ■  >p«ik  t*  eeatui.  Ji 
before  the  wiro  louriiis  the  mercury,  Icaring  a  nnall  black  npn^  mf 
ita  «urfhccv  , 

Brp.  t.  Cont  the  ctidn  of  the  polar  wiri*  with  •uni,  by  hoMtnf  tin 
for  •  thrort  (imv  in  the  flatne  of  an  uil  lamp;  Ihe  Rparka  cbtMudlh 
thoe  ooated  wrires  will  be  much  Mronger  uid  brighter. 

TliP  ftowyr  of  a  voltiiiu  Gallery,  as  we  hnro  nlrcAily  ilinv 
I*  rotinlily  esIimmcO  by  the  heat  which  il  pimlucea  in  n  jpii 
ounduciing  wire    The  b^mperatare  to  wluch  a  oondudii 
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wins  will  Iw  nuMMl  by  a  tiittt^Ty,  dL>|ieiiila  ujion  tlm  lenglli  hhiI 
«•  of  lb>:  win',  M  wi-II  fu^  upon  llip  nature  of  the  luelal, 
r  or  tuH  it  id  u  gtiiHt  or  a  timl  uiiidnctnr  of  eleclriintr. 
Inswiree  beuome  uool  lifuied.  iiQtl  of  all  mttHltiu  wires, 
bum,  bring  the  worst  conduckir  of  electricity,  becames 
l^jNiwerAiUj'  liuntcd  by  conducting  llip  electric  fluid. 
Thfi  calorific  ttfit-vt  ti|i|ituini  to  depi-iid  more  upon  tbu  sixo 
if  tint  I'lalea  ttiaii  ujioti  liio  nuinlit^r  of  pairs  ;  tliat  is  Ui  say, 
ii  ili-|><~[ulif  upon  tlie  ijuaiitity  of  the  electric  ttuid  evolved, 
nulu-i  lluui  ujHtn  its  inirnitiiy  nr  tenuon. 

Xfae  ealorilli:  ctTt-'iid  of  the  voltaic  bnltcry  may  be  nioit 
Dienil;  Bliown,  by  struttiliing  the  wires  to  be  lieutud  be- 
c  rxtrejnitiee  of  ibe  rodo  of  the  umveriukl  discliarger. 
B  Fig.  JO.) 

K  I.  To  *baw  tfae  heating  powoT  of  a  bsttcty.  Stretch  a  [ricce  of 
Bd  wire  twtWKii  the  poli>  of  (he  ha-tterji  the  mre,  if  it  is  nul  too 
Ml)  iittlmily  become  pawerfbllj'  incuidesc«nt.  If,  on  the  first 
Uin  witv  only  |>nseiit«  a  du]l  heat,  gradually  reduce  the  length  of 
Ik  unta  it  glows  with  a  while  btal ;  reduce  the  length  nf  lliu 
n  « llntv  mote  i  thai  it  will  be  SrsI  liuc^,  and  then  ignited. 

10  CKperiiuent  may  he  performed  H-ith  plnCinum  or  sItct  wii«. 
K  3.  EthtT.  aloohol.  photpboruB,  guiipowdei,  kc,  may  be  ivadily 
ll  by  nuking  the  hot  ptutinum  coimecliiig  wire  to  pose  through 

a  taach  ttnne  poninn  iff  them. 
h  X.  If  (he  platiniim  wire  be  uunduclod  tbntugh  a  smull  purtioa 
M,  It  will  ipivdily  buil. 


PBTSIOLOGICAI,    EFKECTS    Of   TOITATC 

.  Tlie  rebiliou  bulwcen  voltaic  action  aiid  llic 
MOB  of  ■tiiiralx  was  very  curchilly  iiivenliguleil  at  n  vury 
Stage  of  the.  history  of  vollnic  etwlrieily. 
■  picaliflr  nature  of  Utb  relaiion  is  explained  at  page 
18,  Wlwn  a  fimal!  battery  ia  employed.  Itut  wilh  largo  biU- 
I  effects  are  truly  surprising.  Dr.  lire  tints  de- 
fl  his  experiin'<nl«  u]ion  the  Uidy  of  a  full-grown  man, 
w  a(t*r  dt^aih.  T7|ion  aii[>lying  one  of  the  polar 
a  Um  farehead,  mid  ihu  otiier  to  tliv  hucl,  uterj-  mu!>cle 
V8 
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in  his  countenance  was  simultaneously  thrown  into  fearful 
action;  rage,  horror,  despair,  anguish,  and  ghastly  smiles 
united  their  hideous  expression  in  the  murderer's  face.  At 
this  period,  several  of  the  spectators  were  forced  to  leave  the 
apartment  from  terror  and  sickness,  and  one  gentleman 
fainted. 

The  physiological  effects  of  voltaic  electricity  appear  to 
depend  upon  intensity,  rather  than  upon  quantity  ;  that  is  to 
say,  upon  the  number  of  pairs  in  the  battery,  rather  than 
upon  their  extent  of  surface. 

The  effect  of  the  voltaic  shock  is  much  increased  by  at- 
taching copper  cylinders  to  the  extremities  of  the  conducting 
wires,  and  also  by  dipping  the  hands,  by  which  the  shock  is 
received,  in  water  slightly  acidulated. 

The  magnetic  effects  of  voltaic  electricity  are  so  varioos 
and  interes^ng,  that  they  have  been  treated  as  a  distinct 
branch  of  electrical  science,  called  ElectrO'Dynamics. 


ELECTRO-DYNAMICS. 


As.  72. 


ELECTRO-MAGNETISM. 

It  has  alreadj  been  shown  (Exp.  9,  p.  S07)  bow  a  sMel 

nuy  be   magnetized    by    paasiug   a   voltaic   current 

)ugh  s  wire  helix.     When  u  helix  ia  wound  to  the  right,  or 

1  dirrvtion  of  a  corkscrew,  it  \s  called  a  riyht-kanded 

\  ehown  in  Fig.  71,  and  when  llio  helix  is  wound  in 


s  contrary  direction,  that  is,  to  the  left,  it  U  r^ed  a  Ufl- ' 
\dtd  helix,  US  shown  in  Fig.  72.  Helix  wires  should  be 
med  of  copper  wire,  eovered  with  silk,  for  the  purpose  of 
atlDg  them. 

I   Whm  a  tu^r/lg  it  mnynethed  by  a  curmrif  patting  thrnvgh 

^righl-hiniiitd  hrtix,  ir  n  /■ori'scrtw   lieb'x,  the   south  pole  of 

V  needle  is  nlipiiyt  at  thr  extremity  through  which    the   eur» 

'a  rtiteri  that  is  to  Bay,  at  the  extrcinily  that  is  in  conni.'o 

n  with  the  (Mwilive  el«clricily.     On  the  contrary,  when  a 

hHr  i»  nutgiictized  by  a  Irji-handed  helix,  the  north  pole  is 

t  the  extremity  which  is  in  connection  with   the  poaitira 

ridly. 

I*  fuel*  BTt  in  eiart  actordanca  with  Ampere's  tlH!0T7  of  magnet- 

1,  {iw  p.  SOI  1)  for  the  electric  current  moves  round  the  ma^etic 

irin  |mv«]j  tbo  aunc  rorumcr  u  the  magiictic  cuirent  is  suppuxsl  to 

B  tb«t  tlmny,  Ihranby  showing  that  the  citctric  current  which  in- 

ignMic  oandition  if  cquivaliznt  to  the  niu)^ftic  curruut  upon 

b  lb*  ai6inarj  majj^etic  condition  it  tuppmnl  to  depiauL 

rt  8  tf  (fig.  73)  bt!  ■  riglit-handed  helix,  that  is,  a  corkucrew  bdix, 
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thmugh  which  the  olMrtric  cairmi  nmm  nt  S,  uid  i 
thai,  front  what  hu  bem  taid,  the  hcUx  wiU  bnonui  a 
the  eiu-cmity  S  tm  in  uuih  ixik,  and  X  fi>r  it>  onnh  polo, 
be  lolol  QipcrirooitnUy  by  using  Be  ia  Biir't  /^lUin'j 
cgttnaiiitks  at  the  lidii  are  comuxtod  with  aac  noil 
ooppor  plates  Z  ond  C,  flxrd  in  a  pMO  of  rorV,  «  as 
lo  make  tha  wholo  DjipotDtus  id  Boot  in  o  finingly 
oddulaieil  liquid.  'ITuh  duat  battery,  like  the  filiating 
nocdlc.  wiU  place  itnlt  in  thii  north  and  Muth  dinx- 
tiuu  of  thi-  nvcdlc :  tlie  (xtreitiity  S,  tliroiigh  which 
the  uutreut  enteis,  will  be  dirtied  to  the  Routh. 

The  auUior  hie  tbuiid  the  iiiilowing  form  of  thin  nppniatitt  lo  ha  ^ 
oonvenicnl  in  pmcticc. 

B  18  a  deal  board,  having  two 
concentric  grooTC»  E  and  F  out  in 
it.  and  filled  with  mercury ;  the 
wilts  N  and  M  tounei^t  ih^  mer- 
cury in  these  groovra  with  the 
bindiujj  screws*  C  and  Z,  to  which 
the  poles  of  the  boliery  are  at- 
tached :  S  N  IB  a  ctn-kucrcw  helix 

luiTotmding  b  soft  bar  of  irtm ;  one  extremity  of  the  wire  Sip*  biSa 
mercury  of  the  groove  F,  anil  the  other  into  that  of  the  gmuTw  B; 
wfl  iron  bar.  with  itj  helix,  turns  upon  the  pivot  A.    When  th«  f 
p(ilD«r  the  battay  is  fixed  to  The  hindlni;  Bdrw  C.  and  Ihw  nq| 
(iuIh  to  the  binding  (crow  Z,  the  helix,  with  iw  «olt  iton  bar,  1: 
nctiinl  nrngnetic  needle,  and  will  wttlc  itedf  in  the  direcEkat  <£  tl 
nvipietic  lueriihan,  the  extionity  H  baing  dimitw]  to  ihv  south,  anil  I] 
olhiT  extremity  N  to  the  north. 

If  Ilie  auft  iron  bar  be  tokoi  away,  and 
a  atsel  nwilli!  be  inacirtcd  in  its  place,  Ihe 
needle  n-iU  be  magneCixed,  having  the  cx- 
ttcouly  Inward*  S  a  aciuth  pole,  and  the 
exliTntily  towards  N  a  north  pole. 

Fig.  To  tcprocnta  anoThn  funn  of  th" 
flo*i^  battery,  wlitie  the  oippa  a:"! 
aiiic  iilatta  are  iinnuised  in  a  glan  tt'l<< 
filled  with  Ihe  diluted  Hu)|ihur 
the  whole  is  mode  to  float  in 

Elcetro-moguels  of  immiiiM  puw^  Tnay 
bn  fotiued  by  toUiuu  hdicu. 


e  L  BCTR  O-D  TN  A  M  t  C9. 


7%r  StfetrO'Magnttl,  or  toji  iron  Nvrteihot  Magnet. 
I  1>   FlK-  I'i  n;pre«Bit'  sn  eleclro-magnet ;  M  is  (he  uft  imn  bent  in 

□  ■gllLl 

1^  itf  omcrcd  Eaiq;>CT  vrire,  >urrouiiiluif{ 

lir  in  tlle  manner  jiut  docrilwd ;  K  is 

PU^pv  of  the  maignct,  frnm  which  a 

T  wti^it  ni'r  be  nupended,  to  show 

>owir  nT  the  mapiet.    When  the  cx- 

tncl  N,  ue  connected  with 

t  poitt  (if  a  angle  pair  of  any  of  ouc 

t  hatteria.  the  nott  iron  insUuitly 

a  a  *Ei}-  powerfid  magnet,  capable 

g  a  weight  of  1  cwi.  \a  nlxiut 

P'''1an.    The  momeiil  the  conncetion  ia 

I,  Ihe  ma^ct  lo«9  its  power,    llie 

II  the  ™il  is  cut  into 

I  ia  coiled  cejKiralely 

n,  and  llim  all  the  comsponding 

■e  colloned  into  parcel*,  which 
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mldered  to  a  thick  win 
anniminicates  with  the  jmlc  of  the  balteiy.  By  (hi«  ofnuig^ 
the  correut  if  divided  into  a  Hcries  of  short  branch«,  which,  col- 
ly. oanuDunicatc  with  the  poles  of  the  battery  by  a  ihort,  inong 
liiia  gtvis  eno^  to  all  the  coils,  and  thn«by  increases  the  power 
'dw  «iectjii-mi(piet. 

FTIiefe  t<niiporary  magnets  have  been  called  ebclro-nuiffnett, 
\  (lUlJugiiiali  tiiein  fraoi  permuneiit  siuel  mugneU,  and  tleclric 
njiut  deacritH.-il. 


Jlolalirtff  Magneli. 

I  Tbentatint;  mafciiEt,  invoitcd  by  nr.  Richie.  i>  TcprcKnled  in  Fig- 

k  Ib  duaimRmneiit,  a  penuancnt  rotatory  motion  is  given  to  an  electni- 

I  n  Tcrtics]  pivot,  by  meaiu  of  the  altemale  attraction  and 

a  of  the  poles  N  and  S,  of  b  permanent  borHshoe  magnet.     In 

f  to  prodtiee  this  cootinuoua  rotation,  it  is  requiaile  that  the  pales  of 

tbe  eUctro-  magnet  >bould  be  revened  at  every  time  they  pass  the  polca 

ti  the  prntioneiit  magnet  i  this  ia  effected  by  a  very  simple  and  elcgnni 

■  H  wooden  cup  of  mercury,  divitled  into  two  compart- 

U  by  a  bridge  or  partition  of  wood,  in  a  line  with  the  poles  N  ami 

L  whaa  iqipe-  edge  in  a  littlf'  below  the  exterior  edg*  of  llic  cup;  w 

2«» 
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Outl  -arhea  tiiu  two  lainipartiiiraits  are  Eilfd  nitli  nio«urj,  tlM  otIm 

of  t)iL>  luuticlcs  ul'  llif  fluid  (.1111919  i1    III  iftaitil  a  little  higtict  tlun 

level  of  the  top  eilifK  uf  tht^  partitiiHi  j  the  twci  uctreautiis  uf  Uifc  t 

dip  a  liltlG  iuto  tlu:  mizuury  williuul  reiLiihJug  tu  thu 

level  or  the  top  of  Uic  |iuniliiiu.  ho  that  ihi-  electa)-      H  I 

miignct  may  &«dy  rovolvo  upon  its  vetliDa]  pivot',  the 

movury  in  one  of  the  mmpaitniBiit*  Li  conuect«d  wiUi 

the  pontivQ  polp  uf  a  Hmoll  battery,  and  the  otbor  onoi' 

partmcnt  with  the  negative  pole  :  by  this  contriuancR 

the  polo  nf  the  eleclro-raagnel  ate  reversed  >t  evBry 

tinie  the  dippui);  wins  cmw  the  partibon,  nnd.  coiiK- 

ijUGiuly,  if  the  pola  of  the  permnneiit  magnet  mtmuC 

tha  poles  of  the  eloctro-maguct  in  any  giveu  ])UFiti<iD, 

they  will  be  Tqxdted  the  mamcnt  the  dipping  wira 

tnve  Droned  over  (be  partition,  and  thut  the  cualln- 

uom  Tottitioa  is  nistaiuiid. 

The  following  ia  s  brief  descriplion  of  k  rotatoty 
magnet  invented  by  the  autha  some  twenty  yirats  asp,  uid 
by  him  in  an  extended  Fonn  as  a  nugiietii;  cufjute,  oipablc  of 
■bout  a  quartiT  uf  a  hone  powiff. 
N  8  ia  the  elcttro-uugnct,  lutning  >■ 

upon  a  huriiuatiii  axis  A  B ;  K  F 
■nd  S  E  art'  t)ic  tmninal  wins  of 
the  voUi  eidi  of  ilK-m  £>rk>  (A 
into  two  Imuichni,  F  O.  F  J,  and 
E  Ki  and  E  0  ;  thp  eximiiiiia 
tif  Om  wiiT*  are  nnuicctnl  with 
maul  ««gis«nti.  H,  J,  K,  and  Q, 

BttutHKil  ti)  (he  ivory  wtucls  A  nnd 
B.  flxod  to  the  niminnn  axis  A  It ; 
the  drwnnfiTmora  of  these  Bcg- 
mcnla  ore  plaixi)  anitenlric  with 
the  wis  of  Riotiini.  and  tb^  ^Igrs  ^ 

L  ■nd  U,  whiih  BIT  nmnedrd  with  tlw  pnlm  «f  the  Imitcty 
contilvanix  the  pch^  of  the  elcitrO'lnagnet  are  changed  when  op* 
of  wcnusit*  piBHS  out  of  nontoet.  aiid  anntfaa-  pair  cotnte  iutn  cuni 
witli  the  mfTTury  in  the  cupa.  The  oppAie  polm  of  a  pomaw^i  n 
lUt  ■»  ]ilaecd  in  a  line  iritb  the  eloc^tro-majipiel  wbea  its  potifkn 
I  with  the  change  of  tta  poloniy.  as  in  the  ca«e  at 


'o  mereury  pland  in  (ht  a 
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OontcKt  Breakers.  —  Telegraphic  Alarm   BeXL 

4.  The  two  foregoing  pieces  of  apparatus  show  how  the  poles  of  an 
dectio-nuignet  may  be  reversed  by  changing  the  direction  of  the  voltaic 
cumtit.  The  coutri\rauce  represented  in  Fig.  79,  called  a  contact 
btj^aker,  shoi»*s  with  what  rapidity'  an  electro-magnet  can  acquire  and 
Vjk  its  magnetism.  M  is  a  small  electro-magnet,  the  armature  of 
which,  E,  is  capable  of  oscillating  between  the  two  poles  of  the  magnet 
and  a  stop  at  its  back,  against  which  it  is  pressed  by  a  spring.  'Ilie 
conducting  wire  D  coils  round  the  lower  branch  of  the  magnet, 
as  shown  in  the  figure,  and  the  other  conducting  wire  C  is  at- 
tached to  the  stop,  and  then  a  wire  passes  from  the  foot  of  the  oscil- 


li^^^^j, 


Fig,  79. 


latiug  armature  to  the  extremity  of  the  coil  passing;  round  the  upper 
branch  M  of  the  electro-magnet ;  so  that  the  eleirtric  current  is  com- 
plete when  the  armature  is  in  contact  ^^-ith  the  stop,  and  it  is  broken 
when  this  contact  is  dcstnn'cd.  The  consequence  of  this  arrangement 
is,  the  dectro-magnet  attracts  the  armature,  which  breaks  the  circuit, 
and  the  magnetism  instantly  ceases ;  then  the  ormatiirc,  being  pressed 
back  by  the  spring,  rt-tums  and  strikes  the  stop,  which  again  completes 
the  circuit  and  renews  the  magnetism  :  the  armature  is  again  attrat  ted 
by  the  magnet,  and  so  on  with  great  raiadity.  The  adjusting  sitcws 
F  and  G  enable  the  operator  to  regulate  the  rapidity  of  the  strokes. 

To  form  this  instnmient  into  an  alarm  bell,  it  is  only  requisite  to  fix 
a  hammer  to  the  top  of  the  onnaturc  £,  and  to  place  a  bell  within  the 
striking  distance. 
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ImtrumrnU  for  m«aturit)<f  the  force  of  Magtuu. 


atinutiug  tbe  suspenuve  force  of  ui  cl«;Uu-iiiligii«t  :  N  J  ti  n  tbe  d 


tni~in*gnet ;  p  and  m  the  Usding  utewg  to  wliirh  tlie  polet  cf  ifl 
tery  are  Bxed :  A  the  fbedcr  or  armatme,  nupcoded  from  tlto  ei 
o  of  B  graduated  lei'tr  a  b  turning  on  a  flxvd  centre  ai  fulcnun  r ; 
sliding  hook,  to  which  a  scale  pan  with  wdghls  iiuif  be  aCtwJud. 
wdKhtB,  put  in  the  tcoJe  pan,  necsmorj  hn  breaking  Uw  mntacl  of 
feedcs  A,  give  the  data  for  caleulating  the  force  of  the  magaot.  m 
dinplG  principle  of  the  li-rer  of  the  first  kind. 

Uttkod  of  vi^alioiu.  —  The  otciUotions  at  a  magnetic  iwoDa,  h 
It  «<yttleB  in  its  north  und  soulli  direction,  ftiUow  the  umo  law  ■• 
nbracions  of  the  pendulum-    The  directiTi)  force  of  h  m 
theteforc,  may  be  messured  by  The  number  of  otallBtiana  tlwl  it  «i 
amice  iu  a  given  time  when  drawn  a  little  to  one  aide  i 
mtnidiin.   When  tlic  same  needlo  is  employed  to  debanuiw  llw  di 
force  at  two  different  plaHS  on  the  curth,  Oat.  directiTO  Gum  wIw  if 
Uie  itjuana  of  the  niunbrf  of  ribnitioDS  pert irmcd  in  a  givrai  tlniO. 

The  libiatiDn  of  the  needle  ia  also  employed  to  detennine  the  biw 
td  the  diffcTcut  plants  in  a  magnttii:'  bar.     In  this  cow, 
that  an  aUnwonco  should  be  made  fiir  the  diKctivc  dime  of  liw  aanli. 

Aocording  to  llie  experiments  niftde  bj  Coulomb,  tfaa  a 
trftctive  forces  of  the  dilTun'nl  paiata  iu  a  long  mngiiMie 
ta  cstiiaal«il  from  tbc  (centre  of  the  bar,  Incrcnsc  in  a  gw 
rical  progrcNsion  aa  the  d!et«n»d  from  the  ccnirc  incRwe  t 
(irithmelical  progre3aii»i. 


KLKCTRO-DTNA  H  ICSj 


Q>  Tie  daiftaH  way  erf  doing 
ibu  it  to  ciol  a  *crv  stuut  «ij^)er 
•*ir>,  covctbI  wiih  nlk.  round  a 
I  tube,  alioui  !H  inches 
1  3  iudus  dinmcter.    Hie 

1    two    Wft    Udll    COKS,  A  Q 

>■  node  cxacllf  k>  fit  Ihe 
'  ct  the  jnstclxuird  tutw 
The  whole  it  pLiuvd  within 
t,  and  Ibi'  cxtrviuilii3  C  uud 
v  holix  iiv  «HUi«r(H]  iritli 
it  the  buttery  :  In  a  sliiirt 
e  tl«U   bar   A  B   will   be 


I  OS  THE  ACTION  OF  ELECTRIC  AXD  M.VOXETIC 
CURRENTa 


a  addition  to  the  magD«lic  effects  of  elentiical  c 

jual  beiiu  noticed,  the  following  general  laws  of 
-ilj'Biuiiics  luivi;  buen  cslublishctl :  — 


Gmerat  Lawt  of  EUetra-Dynai 


T  Actioi 


Erery  metAltic  Gonc]n(Mor,  through  which  an   electric 
mt  passes,  acts  on  magtidta  suepemled  fredy,  and  shows 
c  prftpcTlics. 

KJcctriit  eurrenta  eJtert  on  each  other  influences  like 
B  wfaio-h  llie/  exert  on  magnets. 

I  A  magnet  acts  on  an  electric  ciirri'iit  pn'cisely  as  an> 
r  ciirreDt  would  do. 

,   EJoctric  ciirrrnis  in  conductors  in  like  munni--r  excite 
b  current*. 

.   HaffMU  can  in  like  tuanner  Axcit«  clieiric  currfluts  aod 
<r  eleinrh-  iuIluiuiCL-B  di'jieiuloot  on  Uiem. 
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It  must  be  observed,  that  the  condition  essential  to  the» 
effects  is,  that  the  electric  fluid  must  be  in  a  state  of  motion 
that  is,  it  must  be  in  the  form  of  a  continuous  current ;  01 
in  other  words,  it  must  be  in  the  condition  which  is  callc»< 
dynamic.  There  is  no  action  when  the  electridlj  b  in  ttm 
static  or  tension  state. 

ACTION   OF   ELECTRIC   CURRENTS   ON   THE   MAGNETIC 

NEEDLE. 

8.  OerttetTB  experiment.  —  Place  the  conducting  wire  A  B  of  a  b«.1 
teiy  in  the  direction  of  the  magnetic  meridian,  viz.,  B  towards  the  nort 
and  A  towards  the  south,  as  i^onvn  in  Fig.  82  ;  suspend  a  needle  8  ^ 


Fig,  82. 


over  the  conducting  wire  A  B,  and  the  north  pole  X  will  be  deflected  t 
the  east ;  suspend  the  needle  below  the  conducting  ynie  A  B,  and  it 
north  pole  will  be  deflected  to  the  west. 

The  needle,  therefore,  endeavors  to  assume  a  position  perpendicular  t 
of  a,  direction  in  which  the  electric  current  flows. 

that  ^p^^e  represented  the  action  of  the  electric  current  on  a  magncti 
.  *»  under  a  form  which  is  easily  remembered.  **  We  have  only  t 
f^^  .  man  lying  doum  in  the  portion  of  the  circuit  under  consider 
tractive  foi  y^  ^  manner  that  the  current  cntew  by  his  feet,  and  pKS  (mt 
as  CAtimated  .by  his  head ;  furthermore,  we  have  but  to  coiiccive  tho 
rical  proffrcftaiiray*  his  fece  turned  towards  the  needle,  so  as  to  look  a 
Rrlthmetical  nroP  ^  al^ay*  found  to  be  such  that  the  north  pole  of  tb 
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tt  ta  drriiited  to  Did  left  of  lliis  mmi.     Thi*  fomiulri  coniprthoiils 

u  we  thM  the  pnaidTG  cnrrcat,  comiiig  from  the  purilivc 

liof  Uiu  tuinBry,  {laaus  uloiig  ibc  conductar,  nuil  anivtB  tt  tho  u^a- 

«,  Mill  (vluiiia  tlirnugh  the  plula  of  the  batltiy  to  the  pusitivc 

the  cuirenl  has  >  iMcrvnt  duwtiun  iu  the  two  [laioUel 

;  cdtcuit,  u  tbmni  tu  Ag.  82. 

41  dim  (AbvtB  ue  t>crfcv(!}'  in  Bceordiince  with  the  thccry  of  mag- 

I  explailicd  atpoge30l.    The  nreiUf  serks  to  place  i&elf  at 

>  to  the  dirvction  of  the  cuncnt.  on  the  principli;  that  the 

Tcut  in  the  magnet  seclu  id  plwe  itself  {wiailcl  to  the  cnnrait 


Gafeanomeleri. 

e  hare  expluned  the  coiutnictlnii  of  certain  voltunebn  v 
n  depsiding  upon  the  calorific  nnd  themicHl  efl<«:t«  of  the 
It  the  mint  peifivt  intlruinent  of  this  kind  a  that 
h  depencte  upon  the  magnetic  eflet^ts  of  the  current. 
dmple  magnetic      p      n 
in  rqireadited  in     CD 
nagnctic  needle     T 
UrospBidcd  betweoi  t«-o      ' — 
kducting    pusllcl   wins  w 
,   tcntiinBling  in   the 
7  cap*  P  and  N.    The  '  "*"  '"" 

g  virF  i*  placed  tn  the  diredioii  of  tho  niagnotic  mcri^an.  ao 

•edic  has  the  same  direction  aa  the  wins.    When  the  pules 

lery  are  inKTted  in  the  cnp»  P  and  N,  the  ocsdlc  ia  deflech'il 

ihc  manner  dewribed  in  the  farcgain([  section.     According  to  tliis 

;auunl,  the  conducting  wire  above  tho  niulle.  as  well  as  the  vein 

It,  uaxdt  to  deflcvt  the  needle  in  the  same  direction,  so  that  the 

e  wins  euKtIy  double  the  amount  of  dsQection.    The  angle  of 

a  pva  a*  a  rougl)  tnode  of  estimntiiig  the  quantity  of  Toltaio 

id  evolvcil  hy  llic  batlaj. 

id  of  balding  the  wire  round  the  needle  once,  if  wc  hHid  it 


w 


t  any  numbd  aC  ti 

[  power  in   the  iKunc  mtio. 

>  adopted    in  the 

r  i^mwnted  iu  Fig.  M  ; 

(  ia  the  necdlei  nrrroundi'd 

I   of  coOii   of  co»er«i   «Ilk 

adil.    Tbia  initnunmt  ha*  been 


[t  ohnoualy 


33b       KATLtiAt  AND  ExrKKDiKHTju.  roiLosorJiir- 

Fig.  85  reprcwnu  k  man  degint  lona  tS  theinattomiait;  wb 
coil  of  wire  in  wound  round  a.  wocidon  bamo  Qjwd  upm  a 

piovidwl  with  Uindiiig  ocruin. 


Fig.  85. 


f^.  8a. 


NobUi"!  gatnan/mrlrr  miillipUfr,  TCproiented  in  Fig.  8fl,  conniti  nf 
tnlatie  nrrdit  (9ce  p.  300)  suspended  bj  a  SlomBit  of  untwlslol  a 
one  of  the  necdhe  being  placed  within  the  deducting  coll,  iho  oil 
without  it ;  co  that  the  curreul  of  eleotiicitj  toida  to  deflert  huth  d 
dU«  in  the  same  directton.  thcruby  Riviiig  a  diiuble  power  to  ih>  laali 
nicnt.  The  whole  of  the  ixhI.  together  with  the  needle  and  Ita  tta 
of  xuiipeiiBon,  ii  covered  with  n  glon  ihadej  a  and  b,  fixed  to  the  Ldai 
big  BcrowB.  are  the  wires  proceeding  from  the  polca  of  the  cnlTait,w 
power  it  to  be  determined  hy  the  inatnunent ;  the  cxtmoitia  of  I 
wire  Doil,  of  couise,  terminate  in  these  landing  icmra. 


ACTION   OF   ELECTRIC    CCRREKTS    ON  KACIl   OTOEK. 

10.  Ampere  discovorcd  the  following  Uwg,  ncoofdtng 
which  tilcRtrir  crurrt^uu  act  upon  caub  iitiiQr:-^ 

a.  Panillbl  lurnuita  allnict  Gtuib  olber  wheD  tlie/  Bam 
Ibo  fiam«  direcliou. 


■LKOTBO-DTKAlDCa. 

Thm  the  parallri  wins  a  h  and  ed,     a 

Fig.  87,  tnnsniitting 
■  in  the  «ame  directitxi,  attract     " 


each  other  wfaeQ  they  flow  in 


b.  Parallel  cnrrenia  re|>« 
contrary  directions. 

TTini  the  paralM  wire*  a  6  and  ed,    " j_^     , * 

iqnmted  in   Fig.   88,   tMramitting    j ■«■    -nc ^ 

etDtmy  cuirenti,  lepel  each  other.  Fip.  88. 

Th(n  laire  aie  perfectly  in  accord- 
nce  irith  the  theory  of  magnetism  explained  at  p.  301. 

In  erder  to  establiah  tho«  lan-8  by  experiment,  the  floating  battery 
'   '  in  ^.  89  may  be  employed.     This  battery  conaista  of  a  pair 


of  plates,  vix.,  pdatinum  and  amalgamated  dne,  fixed  to  a  cork,  float  A, 
and  having  its  poltn  in  connection  with  the  cupH  a  and  b  ;  the  wire 
frame  jvocceding  from  theiie  cu[h  conducta  the  current  an  nprcscntcd 
by  the  aimwi  in  the  fifi^ure  ;  the  irbolc  of  this  floating  hattcry  in  placed 
iiing  diluted  mlphuric  arid,  whii^h  htIk  u  the  exciting 
To  one  of  the  vcniuil  branches  K  F  we  prtaisit  a  pnniilfl  wire 
29 


llnid. 


*8W         VATITRAI.    Aim    HXPKItmkMTAT.   Plttf-OSOTOT. 

C  D,  Bavorsed  by  n  powerfU  cuncnt  of  clwtriiuty  i  thai  when  llw  ta 
rrau  flow  in  the  tuaie  dixeetiaa.  the  'rar  E  F  witli  tti  &wtii>s  hatu 
in  attiMlrd  by  Ihc  wire  C  D  ;  mid,  on  the  aaitnsj,  when  Ac  cum 
in  the  wire  C  D  ftows  in  b  ponuory  clirtction,  ihc  flooting  bouoy  it  t 
pcOlrd. 

The  same  Ihws  hold  rrue  with  respect  to  nnciilnr  current 
or  those  currttrils  whose  dirucliotia  art:  inuliiit^d  to  cucli  ottin 
l]i«  t'orm  of  expression  in  this  case  being  almi'ty.  that  cnrr 
which  are  directed  to  Uu  tame  poiiU,  t>r  which  procffd  fn, 
Uif  tame  point,  attract  each  oUter,  and  vice  versd,  as  bt/ort. 


VAHEOUS  MOTIONS  PKODUCEK  BVTHK  Ml'THAI.  AOTtun  * 
UAIiNBTS  AKU  CDBItKNTS,  AMU  CURIlt^NTS  UfUN  KAV 
OTHKR. 

II.   TAr  aipiltatiH^  eltctrioU  ipiral,  TvptoaiKd  'm  Fig;  00,  R 
bMUtitul  illuitmitiuii  of  tlie  Kltrncliaii  of  pornlld  cumsit*. 
A  fine  flexible  copper  5piriil  wire  A  ii  auniicnJed  ftmn  the 
estnanity  of  n  mnducuir  D,  proueciUIlg  tniiu  the  [nHiuvc 
pole  of  the  baflay ;  the  lowci  extremity  of  thit  cpiriil 
dips  slightly  into  b  cup  of  mercury,  a,  in  whii'h  i*  fiurM 
the  uxtremity  of  the  wire  C,  lending  from  the  ucgBtiic 
pole  of  tlie  battery.     When  the  ciirmit  i»  emuiilrie,  (be 
t^onl  vibmtCT  longitudinBlly ;  for  bI  every  contnurtiuii  the        f 
cunoit  is  broken,  and  then  the  weight  of  ilie  wiw  cauia 
ita  pxtruuity  to  nick  agnin  inld  the  menmry.  and  tkuii  ■  co 
(orillatinn  ii  mutainoL 

It  lia»  lieen  shown  that  a  Jlmd  or  elated  euirmit  u*rt(  a  b 
Jarat  iipon  lAt  peSe  of  a  magmt 
rhirh  it  /me  to  move:  ihu*  let 
&  B,  to  Fig.  »l,  rqvaent  the  di- 
ifction  oT  the  Hxed  vurrniti  and  N 
the  pole  of  B  magnet,  free  to  obey 
the  impulse ;  then  the  north  pule  N 

b  impelled  in  the  tangentinl  diirc-    j  y^_  jn, 

tion  N  n  i  that  is  to  say,  in  u  dire«- 
'    lion  parpen  dieular  to  the  dini'tiun  of  the  cunnit  A  H. 

In  like  miuiner,  itince  actiim  and  rtnction  utk  hjuii]   nnil  naittwy,  f 

I  jwto  0/  a  mngiu*  r^trl,  a  tnngrntiat  farrr    ••»   a   rurmtl  vhiei   u  /n^ 

'  to  moan  thiu  the  pole  N  of  ■  Qxid  m*aiiel  i^tn  Pis.  03 1  will  itii|  ' 

tttx  wire  A  B  conducting  u  cunvut  in  the  uuitp^iiUnl  tliroetioti  0  a 


»   > 


r  ID   Uu-  pUuc  of  the 
a  Uk  fli-tuin  nf  C  upon 

D  die  dircftion  K  n,  and 
'  'A»  Kmctioi  at  the  pole  X  upon  the  win'  C 
ttntb  Cu  mam  it  in  the  cfmlrary  duKtion  C  o. 
If,  tbcrvfiiTF,  Uie  pole  N  be  free  (o  move  kmiiiiI 
llir  Hire  C,  the  taiigenunl  line  N  n  will  be 
tJji.-ilitit-iionof  ili«  motion;  nnii  if  the  oon- 
dur-uiitt  •vireCl*  fnelo  move  tounil  the  pole 
N.  ihi  tiiiigiiitul  tine  C  e  will  be  the  direc-  i 
tiiin  of  the  modoo. 
The  frilkiwing  roUUiry  mutiuna  depend  on 


t  tJu  poU    of  a    imtgnel    N    recolee    round  a  Jhxd 
tlBctnc  current   C. 
ni*  vn*  Siat  effected  by  Fiiraday  in  the  foUowine  toanncr :    A  edisU 
U  bt  fixtd  lo  tl«  lnwerpart  of  aveajcl  V,  bj-niean* 
k  thioul :  the  fiMel  ii  filled  with  nierrury  nfsrly  to 
(■  of  llie  miupirt :  r  u  B  L-ondueling  wire  dipping  in 

111  Z  it  unuther  pondut^tor  communicating 
li  the-  nuftcUTJ  al  thp  bolliitn  of  the  veswl.     Now,  when 
t  dcctiir  cnirait  in  vBUilitished,  by  conntctin);  the  i^ 
■nttiok  of  the  wins  C  and  Z  with  the  oppontc  |»l(e  < 
r,  the  pole  N  uf  the  magnet  tevolvn  mund  the 
•  C     The  endi  of  the  wiies  tibould  be  • 
iniun!  roetnllic  conlact.     If  the  currtnt  is    Fig.  9i 
Snt,  thai  ii,  if  C  he  connected  with  the  pnddvc 

Id  bdtKTy.  and  if  N  be  »  norih  poir,  iis  motion  tnund  the  wir 
a^&ntit.  tltut  i»,  in  the  dirit^tion  of  tlu'  handu  of  n  wudi ;  and  a 


I   nake    a    moi'aUr    irirr    A   B,  tmrrrfed    fni    a    earrent. 
rtvobf   round  the  poU   N  of  a  Jirad  mayneC. 

n  A  B  i>  nupmdnl  thmi  the  wire  C  by  a  loop,  anil  dipa 
D  mociiry  to  the  rt™»J  V  ;  who)  ihu  vitcuit  is  latnbliJiHl,  Ipy 
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connecting  the  wires  C  and  Z  with  the  respectiYe  pales  of  the  battery, 
the  conducting  wire  rcrolves  round  the  pole  N  of  the  magnet. 

If  the  current  be  descending,  and  N  be  the  north  pole  of  the  magnet, 
the  rotation  will  be  direct. 

These  two  rotations  may  be  exhibited  in  one  piece  of  apparatus,  aa 
represented  in  Fig.  96,  where  m  represents  the  revohring  small  magnet. 


Fig,  96. 


which  is  best  made  with  a  sewing  needle ;  fp  the  revolving  wire ;  c  the 
positive  iwle  of  the  battery ;  and  z  the  negative  pole.  When  the  north 
poles  of  the  magnets  are  both  turned  upwards,  the  rotations  take  place 
in  the  directions  of  the  arrows,  as  shown  in  the  figure.  Reverse  the 
direction  of  the  electric  current,  and  tlic  rotations  will  be  reversed. 


Ampere* 8  rotation  of  a  current  about  the  pole  of  a  magneL 

On  the  two  poles  N  and  S  of  a  permanent     B±=S,^d 
horseshoe  magnet  arc  placed  two  celk  of  copper,  « .jLJ^  "• 
{a  c  c  e  n  on  N,  and  e  z  z  a  n  on  S;)  b  d,  6  d,  c^Jj| >?■:< 
are  copper  wires  attached  to  cylinders  of  amal- 
gamated zinc,  which  dip  into  the  diluted  sul- 
phuric acid,  filling  the  cells ;  these  zinc  cylinders 
tuni  on  pivote  at  x  s ;  the  zinc  cylinders  revolve 
round  the  respective  |x>lo8  of  the  magnet  in  con- 
trary directions ;  that  is,  in  the  directions  indi- 
cated by  the  arrows. 

Fip.  97. 


W.I!CTI«>'I>T!f  Attics, 


{.  M  wptniaitB  a  alight  mcxMcatiaii  of  the  foregmng;  ba«  Uie 
II  tuToa  apnti  a  pivot.  a»  well  as  th«  one  cj'Undeii  and  fin  aa 
BHon  they  nTolvv  Ln  cuiitrary  direccioiis. 


ELECTRO-DYNAMIC  INDUCTION. 

Fkradsy  was  the  first  philamphcr  who  discovered 
lliff  liiw»  of  elect roMlyiiamic  inducrion.  He  fdiowed  that  an 
einplrii:  current,  or  u  magnet,  is  Bl>le  by  iaductioii  to  develop 
.  M  ft  dblSDce  elt-ulrit:  (.'urn-uti'  in  a  conducting  wire;  in  the 
a  wa7  as  eoiamoa  eiectridtj'  eleulrizea  an  ineulated  con- 
r  bj  iiiductiaa. 

1 .   To  ahaw  the  indurticiD  of  a  niricnt  by  magnetUm.    Take 

(nO,  i*|)ratsited  in  Tig.  Bl.  and  place  its  cxtmnitic*  C  and  Z  in 

with  the  reqiectlTe  biu<!mg  «cn>ws  of  a  galTanamettT  ;  »iid> 

a  atroiig  cylindriul  nugttirt  within  the  coil,  and  the  ncMlli! 

itly  Avi\vtXeA,  but  it  will  nlraort  immwiisicly  return  iii  iu 

]iarfti(Rt;  Kuililnilr  wiilidmwlhe  uuKiiet,  and  the  needle  will 

in  the  oppcmXe  dun^nu. 

Thri^  it  appears  that  the  itiduction  of  the  current  acts  only 
J  ihc  imtiuiUt  lit'  application  and  wilhdniwal  of  the  mngncU 
.  Thlaespla)n*ll>c|itinciple'<iDKhidi  Cladi't  ntat^utu-eLectnc  mwUne 


ixp.  2.  Attach  nnnll  cuppar  cyUudm  iwiii  to  tlu  n^«ctivD  a 
timot  the  win  C  and  i;  and  pUvt  iibun>Ueiif  *uft  ijan  lod*  [ionikt* 
fiwn  ach  otbia  hy  a  contin^  of  flhcll  Inc)  into  tlm  coil;  cnnatcl  th 
wira  C  and  Z  with  tliti  poluc  of  tlic  buEtuy ;  huld  tliu  cujipcr  ctUbiIb 
in  the  hnnda,  and  suddenly  withdmw  oao  of  tlit  win*  fr-an  Uw  pclii  c 
the  luLtlciy.  and  a  pieny  porraful  elccuic  kImkIc  will'W  felt,  anil  nt  111 
same  liDLe  a  spuk  will  ho  givon  off  [rom  tlie  poiu  af  the  < 
momeni  □(  nsuiring  Ihc  rootBct,  another  thock  will  be  fell. 

The  ciment  [OoduEed  in  these  oiciieriuiiiite  is  called  a  ^Miliary  iMiprf 
a  tftmdaiy  ivmni  a  produced  in  the  followinFi  n 

Over  the  oai!  nf  wire  dittcribHl  in  the  furqgiuiig  cxpciiniaitt,  1«|  i 
exurtly  HmUnr  ™iJ  be  formpil  ujKin  it :  let  Fig.  99 
reprcBdil  this  double  mil,  where  o       " 
ends  of  tlie  iitn  or  primary  «iEI,  o  and  4  Ilie  end* 
-of  the  iccond  or  mirandm-j/  coil.     Connect  lhi>  endt 
a  and  b  with  the  poles  of  a  bnltery,  and  the  a 
IT  and  d  with  a  gulvaimmctFr  ;  tlien  the  needle  will   I 
be  instantly  ddlecied.  ahowine  that  a 
cmreDt  hod  berai  induced  in  thi-  seoond  ooil  In-  the 
primary  current  in  th«  fliGt  mil ;  suddenly  lake 
Qwny  one  of  the  wins  from  the  cup  of  the  njolvo- 
nameter,  and  the  needle  will  be  dcilect^  in  th 
oppomtc  dinetion.    "Vhe  induced  ctureuls  only  e: 
M  the  ioaunt  of  leaking  or  of  bteaking  the  cc 


MAONKTO-ELF.CTUIC    MAfHlNES, 

13.   One  of  the  mo^  nmpic  machinea  of  this  kind  ii 
Fig.  100.     J  J  ifl  u  net-aonol  rcpies«ntaIiaD  of  a  doubk  induclim  ipinl 
r  T  the  wooden  hollow  roller  on  which  the  ptimaij  ctdl  of  n 
wire  o  o  i<  wrapiwd  j  S  6  the  Becondory  c(al 
of  fine  wire  Bonijunding  the  first  ooil ;  n 
the  bundle  of  iron  wires  placed  in  the  hol- 
low axil  of  the  cculs,  and  pn^ccdng  with 
it*  lower  pole  a  lirtle  beyond  rlic  wooden 
cylliidtT !  Que  end  t  of  Ihc  wirr  of  the  pri- 
tnuy  coil  i*  ecnncctcd  wiih  one  pole  of  o    , 
oonatant  battery,  and  the  other  Hid  y  A/* 
of  the  wire  of    ihr  primary  coil  wiih  the 

«liT  pole  of  (lie  bntlpT)':  thai  portion  of  ^'  '*^ 

the  (Niiidiictfit  p  A  '/.  brtween  the  two  Idndinf"  « 
tJi0  Minuet  bnikkiT.     'I'hi^  niiiitact  brealUr  i»  cODamctcA  ttt  MlOMtJ 


BLKCTmw*TK*Hir«.  843 

d  at/  U>  a  flexible  plain  Mrvwml  in  t.lii^  mil  proceoitifie  ftiim 

■mw  s;  run  iJiH'  uf  Hud  tnni.  tcUtetcd  co  the  umiluciiDg 

J  uiiiler  UiD  cloctni-mnKiielio  r»dH  m  ;  si  A.  tlie  iiniilucting 

It  ilownwanb,  iiid  T"nmi>.ileB  with  a  hammci',  tULving  a  plut- 

t,  wUicli  nnU  oimn  a  copper  plate  nr  aufil  p.     "VVlicn  iho 

unmn  A  ia  in  oontact  wiih  the  anvil  p,  thx  lilectrical  ciurent  i«  oom> 

v-ici  unil  the  luft  inm  wins  m  tmamc  powtrftillf  magiicdHid  by  tha 

iiiiarj  cutrcul ;  tlio  muenpt  ilim  nltracls  the  piste  o.  and  lirmke  iha 

t,  the  nidii  iiiitantljr  luie  their  mugneluiu,  and  then  ttie  lunmiiT 

■  upJD  the  auTil  m,  and  ttusrliy  »gmn  nMnm  the  elcftricul  cui^ 

1  and  M>  on.    lliiii  prococ  i;n«  un  nitb  itreiit  mptlilyi  eo  lung  as 

1  of  tlie  wira  c  and  y  with  the  pults  of  th«  batt(i7  tl 


:>  are  cnutttd  bctwon'  tlia  hanuun-  and  the  anvil  etory 

•ctlun  IB  hnikcn  dt  niadc  , 

lo  Iw  BiitjiTt  to  the  action  of  the  electric  oiinont,  raiwt  be 

tl  brtncen  the  hindiiig  wTews  x  and  y ;  thus  the  thermal,  chcai' 

ig,    and  physiol(i)(icid   efftots  may  he  oljtervcd  at   tlw 

»  contact  □!'  the  hammer  vrith  the  anvU  is  iuuken  it  dcMroycdi 

p  aecondaij  ourraut  i»  that  which  ahouid  be  uecd  for  pm- 

M  ahoclu  ur  ]ih}mila(ncal  cfTucts.     For  this  jnupoHCi  the  ot- 

■  id'  the  wire  fonniag  the  secondary  euil  &  b  are  Kildcrtid  to  snuU 

,  and  Ibme  are  h<;ld  in  the  hands  of  llie  pcranii  wigldng 

'«  thf  fAivks,  Doe  cylinder  in  tach  hand.     A  mpid  nutrcHaon  i^ 

i*  felt,  for  the  effect  tokcfi  place  at  every  time  the  conluct  of  the 

w  villi  the  anvil  ia  tnoken  or  renewed. 

I  machine  hii»  been  connrurricd  in  Torious  fbrma :  unictimet 
i'%  TOtoting  magnet  in  uncd  for  breakiai;  and  renewing  the  umnec- 
(  the  eonducting  wire  of  the  |>riTnary  roil  with  the  pulie  of  thu 


Faradny't  Ma'jn»lo-«ler-trir  M/K-him. 

tnt  mathine  of  thi*  Und  wna  cnonructed  bj  Faradaf.  u 
K,  lol.     It  u  thus,  dtsi'tihcd  liy  Brand  in  hit  Manual  of 


t  KxpKfHMBRrAi.  vtmowniT. 


FLg.  IDl. 


C  ia  a  rapper  plate,  tf  motmtEil  as  M  admit  of  revolving  on  lU  axial 
n  «  ar«  the  puleii  of  a  powcHul  honie^ae  muj^ct.  mi  planed  u  V  Btlnttl 
gf  Iho  lerolutioii  of  the  plate  between  them ;  u  u'  ore  ccnductillg  win^ 
one  of  which  ia  retained  in  ctetaUic  contaut  with  (be  axu,  and  the 
with  the  rim  of  the  plate,  at  the  point  between  the  pales  n  i.  ' 
wires  are  counectvd  with  the  galvanometer  p.  Wlun  the  eopper  plttlB  I 
mode  to  TCTolve  from  right  lo  left,  a  comnt  of  electrieltjr  ii  prndooal  il 
the  dit«clJon  of  the  omwa,  and  dedecU  the  galvanametcr  auegrdl&g^. 


Clark't  Miignelo-ehetrie  Machine. 

IB.  Piiii  flnt  mule  a  machine  of  llua  kind,  whith  was  meoeauvd] 
in^irovcd  bjr  Saxtun  and  Clark.  The  srniu|{ement  adopccd  \ij  CUdt  il 
Ihn*  dcanibed  by  M.  BecquLW  in  hie  IraitiM!  uii  Electricity. 

A  (Fig.  102)  reprweniB  a  eerics  of  hIx  mngnrtUcrt  haw  of  (ted.  fam 
into  a  horseshoe  form,  smnged  vaticoiljT'  Sf"!  supportai  by  Una  waem 
fixod  to  the  board  B,  two  of  which  mtr  fern  at  M  N.  {Tig.  \{A.'\  A 
thiok  W  of  liniH  C  i»  picrc«l  in  in  cfntn^  by  on  opciiinB.  tnto 
paMwt  a  holt  with  a  nut  (bt  the  purpnue  of  KwurinB  the  nuRnnt  ■ 
Uw  biMrd  B.  Bj  itiia  omingtmcnt  ^p  nutiinct  may  br  ranly  m 
without  diituilHiiK  iJie  rt'-t  of  the  apparatuj.  V>  irjirr-mli  ihc 
tuf«  of  a  doubli'  pylindfT  of  wft  iron  O  P.  whirh  15  lixoi  to  ■ 
»t«w  |i1iic«t  biitwitni  tlip  pnlm  of  i.lii?  battrry  A.  Thi<  iiirci.  fc. 
niutiun  in  ihr  nuim.rt  iii<lical^l  m  Vi-i-  Ui».  In-  m-^n-  .rf  th.  wl 
ul  n»  axi<  uf  rcilulit..!  and  an  mill.-  .-.ni.  On  ivic!.  ■  1  Uml-.t  ii  roUtd 
B  heUjL  uf  Qiw  rojijier  wirn,  iiMind  with  idlk.  anil  alixii  Kno  }-ardt 
lm|[Ui.     Una  uf  the  cub  uf  each  helix  li  wldurvU 


i<  tftna^uni 


ptrpendiciiliT  to  the  ndiice  of  which,  at  B,  is  n  bratta  rod  mipporting 
two  bn'sk-pieces  II.  K  rrjiruvntB  a  holluw  brit<s  cylinder,  to  which  is 
•oldcrcd  ooo  of  the  free  ends  uf  the  helic<s,  and  whii'b  Lt  wpatatcd  from 


Fig.  102. 


Ibe  rod  by  meuu  of  a  piece  of  hard  «-ood  renting  on  it :  the  other  end 
of  the  bclicei  ix  in  conimunicati'in  w-ith  the  rod.  U  ii>  an  iron  nire 
(pHng  to  eitrdH:  a  pressure  against  the  hoUow  eyliiider  K,  Kilh  wliich 
it  ii  in  metallic  contact,  by  means  of  n  .screw  fixol  in  tlR>  brow  plute  M. 
P  Tfptracntj)  a  Bquare,  vertical  bnw  rod,  litttd  into  the  brasa  plate  N, 
Q  i»  a  metal  apring,  exercising  ■  feeble  prcwure  on  the  break  piei'e  II : 
it  ia  ht'ld  in  metallic  contact  by  miiiiu'  of  a  landing  tcrew.  T  ia  n  cop- 
per wire  for  malting  eomniiiuicatinn  hnween  the  bran*  plntw  M  N.  lly 
luuia  of  thia  arrangcnicut.  thiw  v:irious  *parta  D,  II.  Q,  P,  X.  are  in 
conneetion  irith  une  of  the  end-,  and  K  Biid  M  with  the  two  other  endii. 
It  is  TfTj  erident  that,  an  the  aprijiff  (J  prewra  ttenlly  on  the  bre«k-pi«« 
H,  the  effect!  are  regular.  ....  It  ia  very  necewary  that  the  breiilc- 
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{ucce  be  so  BRungcd  that  the  ^poeg  Q  shall  a^iamte  at  tlie  voj  ta 
when  thv  iroo  cjliodin  of  the  otmatuw  ore  Icrruig  tlw  pais  at  |] 
nnsnet.    With  nepoct  to  the  utm  win)  O,  it  always  c 
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preasurc  ngninst  the  hollow  hrii*«  i^linder  K,  By  tnanv  at  titcati  m 
timgomaite.  a  mcnnuy  bath,  which  ia  olwayt  inconvcnioil.  a  mipt 
wedtd.  Wlicn  (he  thock  b  to  be  given  by  (his  machine  Uie  two  oank 
uuiductunHS  (Fit;.  103)  wo  token  into  the  handi,  vlilch  ue  toMMetM 
with  BiUt  wnti^,  one  of  ihe  conduFton  bdng  in  comniunirntiiii)  with  ll 
jiloic  M,  snd  ilic  oilier  with  tiio  plat«  N,  in  the  nuuitua-  ibawn  in  ll 
H^uri- ;  M  and  >'  are  xhea  muted  by  the  pifcv  T.  'llie  iihoA  nceiin 
\ij  thin  spparatua  oa  scan  at  the  wh«c]  is  turned  is  very  Tial<3it>  If  1 
dmrv  B  uuirent  always  iu  the  mme  direction,  one  br(«k-iii<!c<  mly 
tdoccd  mi.  In  this  cow.  the  divuit  is  inlerruptnl  when  tlw  oim 
chongH,  thiit  it,  when  each  belix  quita  one  bmoch  at  the  tnaEntf.  .  . 
On  pUring  the  two  oonnecring  wins  B  H  brtwnrn  M  N.  ilw  dndk 
not  n  powo-fiil.  U  end  V  {Piif.  lOS)  ate  huidW  iminci^iil  with  d 
wmdiicling  wins,  and  fiiruisbiKl  with  picmi  of  npi'iiK'S  «h"h  wv  n 
ploycil  in  the  npiilii'atinn  of  cltvtricity  fur  medicitl  iiiir[H-»«.  'lln 
upongrs lire moimmiid  with  acid  or  •olino  (111011011;.  T'\  iv.'-n..-  if  rl. 
a  mrftwlon  of  ihiv  nuwi  powutfnl  thofka  may  Iw  iii  , 
nrwded.  ...  To  dnu)inpa»  wnicr.  Mi.  llBrfc 
(F^.  104)  omnitii]  ill  tlu-  toUfiwing  lunnncr:  V 
with  •  tinai  lid.  hannt;  a  late  of  hiini  woixl.  l!in> .. 
cnppa- wins  »older«l  li>  plMijium  wltH,  and  whiili   Mr   [■.mumii.d  wl: 
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JS.  X.  Two  tnbea  A  are  Blled  with  wbIct,  and  thm  plai^  ma  tbe 
pl.tinmn  wins,  whoc  Oivj  sTC  Supported  bjr  a  cork.  Tbe  two  plulcs  of 
r' ***'•"'""  C  and  D,  wUch  are  connected  by  cupper  wiroi  witli  M  and  N, 


•re  for  Hbtnring  the  eflecl*  of  electro-chemical  dpcnmpontionB.  Tor  this 
purpose,  a  piece  of  litmiu  or  tiirmcrii^  paper,  pnTviouHly  moistened  vilh 
a  neutral  talt.  U  placed  between  Ibc  dUk&    In  the  place  of  the  two  pre- 


F^.l06. 


ieafitig  lielica  and  theit  ac^ev<nTic^  which  he  calb  the  inUmity  ama- 
bm.  becauae  the  cuircnt  obtained  in  from  electricity  of  high  tension,  Mr. 
Clark  tmyluja  a  quantity  aimaturc,  Ibrmcd  of  \a»  powerful  cylinden. 
Mid  witli  ■  ooppv  win,  corned  with  (ilk,  only  4fi  yuda  long,  tlic  di«m- 
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etrr  of  nhirh  ui  ^stor.     Fig.  106  n-precna  the  appmtui  funiiih* 
■With  this  new  ajmiitiiie.    A  in  Uie  hursvboc  mngnri,  D  tlic  ■ 
F  anil  G  tbc  two  belicat.    Attaitiim  luoiit  ht  piud  tlint  tlic  tj, 
tb»  lireak-piect  at  tbe  momeut  when  ilw  pieve  is  Tertiml,  far  tl 
tliul  it  u  in  s  neutml  pusiticin  rdutivr  la  lliu  pidts  uf  thr 
fuse  iron  wire  with  bright  itciiitillaiiuiu,  onu  and  of  tbe  win 
with  the  end  P.  aod  the  other  end  is 
goiltly  pnssed  on  the  nilstiug  tutnature       r> 
D.     If  we  wish  to  obuin  Bpailu  of  dif- 
finvpi  colors  bj  the  cuiployuieut  of  dif- 
Icseut  metals,  the  break-piece  is  taken 
•wa]',  and  the  piece  of  cupptr  B  ^Fig. 
IU6)  is  submituted.     In  its  open  part  is 
introduced  a  piece  of  stiT  metalliu  wire 
C,  guld,  for  esample ;  the  extremity  of 
the  (firing  G  is  alwi  of  gold.     On  mak- 
ing the  apparatUH  lotate,  puiplc-colored 
t^iu'ka  Die  obtainfv!. 


THERMO-ELECnUCITY. 
1  fi.   The  elertricity  nhich  is  developed  by  heal  »  c 
thflrmo-eleclricily,     \Vhcn  two  diflVront  metal  rods,  Hnoh  • 
oogipi^r  and  platintiin,  or  onliinony  and  bismuth,  are  t 
together,  and  heal«d  al  the  jiarl  of  junction,  electricity  ii  g 
erated. 

B^,  I.  TwjBt  the  em!  nf  a  copper  wire  round  one  ond  of  a 
wii« :  place  the  other  extranilicH  in  conneclion  With  the  tiindinn  m 
of  a  gnlvHnDnietpr ;  hnat  Ihe  twisted  estrranitia  with  the  tbutiw  a 
■innt  lampi  the  necdli' oTtlio  ^nlianometa' will  be  raiMiitly  il 

Eij).  2.    Fix  two  ropper  wirea  into  the  tHnJiiig  «*ew>  of  a  flalvK 
rtaj  heat  the  free  end  of  one  wiro  with  tlie  flame  of  a  qilrit  1 
hrinR  the  free  end  of  the  other  wire  into  contort  with  llii*  h 
the  needle  will  he  instantly  deflerted.  thereby  ihowinft  the  ei 
an  rWttic  current.     It  is  ilesinbte  that  the  end  of  the  wire  whluh  laul 
hcaird  should  tmninate  with  a  small  pintc. 

£rp.  S.  ThemmpleBpliftnituswprwcnlixl 
in  Fi^.  107  f-\liihil9  the  etftrt"  of  Ihonno- 
dwHkily  in  a  viiy  striking  manner,  «  fi 
tr  iJ  ■■  ii  a  itrip  nf  mppct,  bent  Into  the  tbrm 
in  tht!  flK>'^>  ""d  riveted  at  a,    A 


^^^Knii* 
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i^nctic  n«>l]e  n  i  u  »BFp«adcd  brtwcoi  the  pUtfn.  Tlatt  llio 

a  of  Ihu  coppor  franie  wilh   iLc  flame  of  a  spirit  Uuip,  oiid 
ta  will  be  iaatiiDlly  doatvlcd. 


Thermo-eUclric  Batteriei, 


IT.  Thrac  hBtttrifB  uw  fonnMl  by  soldering  wi^hcT  a  (Cries  of  pun 
if  nwul  ban,  u  shown  in  Fig.  1U8,  wliai-  the  dark  liiioi  rqimi-ut  Uis 
tH<  of  the  sune  liind  of  lui-t*],  luid  the  [uinl  lines  tliosc  uf  "the  other 
I  Had  ot  mctd,  Ilmt  in  applied  at  thv  junclions  nan,  while  the  junc- 
V  t  A  »  arc  kcpl  cudI.    The  exireme  ends  u  h  form  the  poles  of  (be 


A    A    b 


b       a 
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r.  whk'lt  may  be  cunuMicd  <rith  tundins  Bcmra,  be,     fiitmuih 

(bnKiuj  mv  ibu  tn'u  niitob  rao^l  commonly  lued  in  ainstructliig 

N  bauerico,  when  Uie  hcoi  oiiplorcd  it  modonLic;  but  if  the  hent  u> 

«  boDra;  i»  to  be  MpcEcd  b  graui.  plutioutn  uiid  iron  thoiUd 


bntlrry  i»Bomrtiir(SU9ed  a 
ippornluB  of  thia  kind,  a  [lie 
ibe  thtTtio-lioltcrj  S,  com- 
Idsrouth  uid  antimony  bans 
■w»rtliNB  to  the  principlp  ei- 
n  cnnnpclinii  with  FJk-  IDS: 
(b*  binding  HTcwi  connected 
fOlm  of  the  hattiar;  wire* 
I  ilmv  liadlng  *crewt  to  the 
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echo  I 


oUd'' 


c  When  broi.  in  Bny  lonn.  is  applied  at  R,  tint  dvAectim  of 
•  iiulioola  the  dmree  of  temperature  of  ibaC  bnt.  Thii  in- 
ll  ia  mui^  OHid  for  ilM'Tting  mry  minatt  difTcTMico  of  temptra- 
t.  Bond  tintmmt'Til  will  irodily  detwi.  by  liip  dt^nlimi  oflhB 
if  lisiiperatnra  of  a  hxudredth  part  of  a  drgr«e. 


nOK  or    KLKOTKO-MAriKKTS    tTOK    OIPTERKJIT    BODIU. 

!  18.   AQ  liotiifA  whidi  nre  Mipabl«  of  Scing  m«gni'li«cil  aw 
"ttUad  maynttir  bwlir*  ;  iiut  FiiJ:ulny  Ims  recently  sbuwa  iliat 


0  MATCRAL   AHtt   l(XI>KRIHKN**L   l-niLOSOPHT. 

ma^etism  everts  on  nil  bcHlk^,  more  ur  l&ut,  it  cenalu  pfwii> 
liiir  inflnenm,  vi^rj  iliHereiil  rrom  ttitt  magnetic  :  ihmu  IxHlKfl 
are  called  ilia-muynelie.     Thus  the  flariKi  <if  h  pvnillv  itnilui* 
gutis  a  peculiar  clitujue  nlicii  placed  between  tli<!  pului  of 
powerful  magnet ;  and  light,  whun  made  la  paas  uvur 
of  a  magnet,  undergoes  a  uhange  of  polarity ;  and  M  tut 
various  otliur  din-magnetic  budieij. 


THE   ELUCTUO- 


C   TKLBGIIAPO. 


m.  By  raenm  of  very  simplu  eipedieate,  the  current  of  mat^nctin 
tiu;  be  intcTTupted  buadicda  of  ^nu-t  iu  a  eeonid,  being  taWj  nottat 
liahed  in  the  intervals.  Thrae  i-fitots  are  in  no  way  raodiflid  by  (l 
dManc*  at  ihe  plnra  of  uilerritption  of  the  cuTTcnt  fruoi  the  mRgne 
Thus  puisntionB  of  the  currt-nt  may  be  pnduMtl  by  an  operatur  m  Ba 
ton,  nod  the  limultaiiwus  piili>Rti<ai»  oT  ihe  cin^etipin  nrity  take  |i1m 
M  Sew  OrleiLiia,  provided  only  ihst  iliy  two  plauO'  we  tvmntiM'tf 

Now,  if  the  eKlTcmity  of  a  Inver  which  it  Rttnohed  to  dl8  vflmSl 
annuuTe  carry  a  pencil  which  prcwes  iipun  pnpir.  wtiim  thr  h)W  1 
dnwn  Utwnnlii  the  elerim-magiiM,  end  if  ni  the  f^eme  lime  th<*  |a|Hr  I 
moved  under  the  pencil  with  a  uatfoim  mntjon.  a  tine  milf  tr  (nM 
upon  (A»  popw  fty  Me  pruril,  the  lenglh  of  which  will  be 
to  that  of  the  interval  during  which  the  lever  i>  held  in  coniarl  % 
die  atop.     As  the  opentlor  in  Boitoa  can  rcg\ilnlG  thU  {nterval  at  1 
by  contnilUng  tli(>  fiow  of  the  electric  current,  makioB  that  cimnt 
fbt  a  tliurl  interval  if  he  desire  to  male  a  rhiirt  Une  uginn  the  papar, 
■  lonj;  interval  if  he  dnirc  to  make  a  ioii^  line,  and  tat  an  tnMMd  II 
desire  To  nuke  merely  a  dut.  ii  wU]  be  uiidEraimd  how  ha  am  at 
nark  a  sheet  of  pajiCT  at  Xow  Oilcam  with  any  di'ulrcj 
luim  of  VBrioiu  len^hs,  or  of  dots,  and  bow  he  niuy  comluuK 
any  way  he  may  Ond  mitable  to  hi>  puipwc 


UORSr's    TKI.ERKAMI. 

20.  This  Bjjpnrotiu,  which  b  appUtd  on  an  cxtnniav 
ira,  fliiil  wiih  iwme  alight  mndifleatianB  in  Germany,  i» 
the  principle  Jiisl  explained. 

A  fcmeral  view  of  iha  Inalmnwnt  In  lla  moM  uviwl  bam 
tlw  fallowing  flgum 


ELECTEO-BTS  Allies. 


Fig.  1 10. 


I  K  t«  tlw  ctertio-niagnet :  11  is  an  Bimsture  working  on  the  centre  e  : 
■o  u^juiting  (trrw,  iq  limit  lie  ploy  of  iJie  armature  and  prerait  !b! 
vtwith  thecloctro-niBgiiet  st/i.  rfisauothcrii^juetingirrpw.loHnut 
toy  ia  tic  otluTr  duvctioti  i  t  a  metier  style,  whith  nuulu  by  prs- 
tt  IiKnil  ca  tihhaa  of  paper  drmm  froiii  ihc  roll  B,  and  carripil  bctwoai 
il  w' ,  r  the  rilibon  of  jwiwr  disehiirged  from  the  IdUoIS 
«  bang  impimcil  hy  J  with  tlie  ti'lf^Bjibic  chonetctB ;  I,  6,  tso,, 
mk  fima  whli-li  thf  fillm  o  u'  rfcrivc  ihctr  rantion.  by  which 
«  nbbon  nf  pa]ia  UilmuTi  fimu  ihtmll  R; /the  firing  which 
tin  a  ol'  tho  rj].-.  uii-mxKK'H  fnnii  the  unuiliirci  S  S  the 
eiwppuntii};  Itio  ■.•liHktvnck;  11 B  Ihebwe  nijipnttitig  the 
nir  D  the  key  ruiiiiimlurur,  by  which  the  cuirenl  tTan«nitl«il 
IE  Buc  wire  U  olltmairly  trnn«iiilli.i]  null  »ii*iien<lril :  i»  a.  m'  n'. 
■  bjr  which  ihceoil  of  the  i-IkcRu- magnet  luid  die  polo  of  Ihe  sift- 
nbtftcry  art  put  in  miuicriioii  wiib  ihf  line  wires. 
~  B  foDbwliis  ore  the  tdrgraphic  charauisn  adopted  by  Ptufboor 
•  Ibr  the  Enitllih  LmgDugc :  — 

B K T  — 

V L .   F 


I  EXFEaiSENTAL   PBILOSOPBT. 
NumeraU. 


bain's   BLECTRO-CHKMICAL   TELEGRArH. 

31.  Tbe  ehemieal  jiropalics  of  the  electric  minent  can  1i«  made  to 
supply  the  mcaiu  of  tTBii8mittiii|[  nigiiaja  bdween  two  digtnnt  ■tatioiu. 
When  B  current  of  adequate  intensity  is  made  to  pass  through  certain 
chemical  compounds  it  is  fbund  thai  thrt«  arc  deeompoitd,  one  of  thrii 
conBtittient?  being  carried  nway  in  the  direction  of  the  laarent,  and  the 
other  in  tbc  contrary  dirccliou. 

Of  the  foniis  of  teloRraph  in  which  ihia  principle  U  bniicht  into  play, 
the  only  one  which  ha»  been  pncCicoUy  applied  on  an  extcnEive  uale 
is  that  by  Hi,  Alexander  Bain. 


To  understand  this  inflrumcnt,  let  wi  suppooc  a  sheet  of  icritin^  poptf 
to  be  vet  nilh  a  xoluliun  of  joustuatc  of  jntash,  to  wliich  n  little  nitric 
and  lijrdru-chloriv  acid  have  boco  added.    Let  a  metallic  desk  be  pio- 
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niling  in  lU*  with  the  ulietl  nf  ])ii\vt.  and  l?t  \.h'a  dnk  be 
n  enamiuiiniliim  with  a  galviuili:  tiant^y  mj  kh  in  funu  lu  iwfclivB 
1^  It  pUwe  of  rt«d  nr  rapper  wire,  jurniiii))  a  pui.  Ihj  pit  iu  twt- 
n  Willi  the  ume  battrry  w  b8  to  runu  its  puaitive  pole.  1^1  Uw 
r  moUtiaial  papn-  be  now  lud  upon  the  meitiUiu  disk,  and  lot 
r  oopptT  point  which  bnns  the  poailive  pale  of  the  bBlterjt  lie 
ilo  i-OFiUu;!  with  it.  yhe  galvanii:  drcie  being  Uuw  coraplvtul, 
It  will  be  e^hlitjicd,  (lie  toluliini  with  which  the  paper  in  Wrt 
■AdcnmipnatiliU  thepHiit  of  co»ia(^t.aiidablue<ir  blown  apoiwill 
r.  tf  the  pea  be  now  iiiuval  upon  the  p*p(r,  the  coutinuouB  kuo' 
I  null  III  iif  >|iD<a  will  tbim  a  hlut  ai  l>iown  lintj  and  the  pea  being  moved 
iu  mif  nwiiner  upon  the  paper,  characten  ma;  be  thue  wtitteu  upmi  ii^ 
II  W«(v  In  blue  ur  brown  ink. 

u  of  wheelwotk,  the  metnllii:  do*  is  made  to  revolve  round 

S  iu  own  pluie,  while  the  style  receives  a  slow  motion  dirovtfll 

1  til*  uoiire  of  the  disk  townrds  iia  edge.    Li  this  way  the  style 

a  ijnral  curve  upon  the  paper,  winding  round  it  coiitinuallv,  and 

»  time  retiring  nonslonlly  but  elowly  from  ita  ceiiire  towuib 

It  will  be  cedent,  without  further  explanation,  that  cbarao* 

J  Ihiii  be  produced  on  the  prcpar«l  paper  (wrraiponding  to  thOM 

Bfbe  telegraphic  aJplmbct  nlrcndy  described  in  Mone's  Telegraph. 


I  Sai       «\TiiiM,  AMI  i.M-KuiMiiKTAL  fini.usurur. 


22.  This  appuniiua,  whu^b  le  in  rxUnsiTB  iwe  m  the  Unitod  Sl«a^ 
a  priniitig  icii^cntph  —  thai  i;,  un  iitmuincDt  which  pnnti  b  ilia  erd 
nary  WIrrit  the  dcsqiatch  at  (be  station  lo  wMi'b  it  ii  addnsnl,  bf  tatm 
of  a  paver  wmkeJ  at  the  nation  &vm  whUh  Si  ia  trunmnillnl.  It  on 
Biiti  of  two  diMiuut  parlH  —  a  tunnmutating  ajiJiimitUB,  U  gOTan  (1 
unnmnismoD  uf  tbc  cunout,  and  a  printing  apponitiis  u]ua  whluh  |] 
cunrnt  operates. 

Tfao  tnuismiwion  uf  thB  01011.111  L<  controllml  hy  the  kcya  oT  Uie  ftng 
boud.  The  wheel  that  produces  by  its  mvolutinn  the  pulMiitm*  of  il 
cnrrent  i*  moved  by  the  foot  of  tbc  openinr  acting  upnii  a  treddlB.  Tl 
rotatian  of  this  wheel  in  onc'tcd  at  ilu;  point  coni«]>ondiiig  lo  uiy  date 
lettet,  by  putting  down  with  the  linger  the  key  upon  which  lliat  tM 
in  engraved. 

33.   Mr.  Bdimdn,  of  Btrlin,  h>»  invi^ited  n  nuxhfieallou  of  Ili*«l« 

trie  tdegrajih,  which  praniiHs  tii  extmd  the  advaiiingtv  »f  tliai  nwcM 

.    in  a  remarkahle  iniuiuiir.    The  peciiliurity  of  the  invention  i^that  I 

0  diffixenr  muoagee  eiui  be  sent  in  the  aame  ta  In  oppo^ 

I   directions  at  one  time.     E^tiKTimciits  wdC  made  in  Lcodon  wltli  (I 

K  nuKbine,  and  the;  uiv  said  10  have  fully  (stabliohed  ia  powto*. 

XEORAl'H  LIXES  IN  THE  UNITED  STATES. 

ring  to  the  lapiil  pm^frcw  nnd  uunsliietnl  &ny|nm  of  taiM^' 

'  c  United  Stutcsi  u  ifnatx.  numbci  of  indqxsidail  oaiofi 

t  bMn  fbrmnli  by  which  t)u;  va«l  ttrritory  from  tlie  AllaMiD  0 

to  \he  Miwssippi,  and  Enim  the  ( hilf  of  Mexico  to  the  froniicTB  ot  Oaiu 

uvEnprcad  with  a  nvtwork  uf  wire*,  ujion  whiih  iiitcUignneB  tt. 

I   nery  ilociiption,  mid  peminal  and  comintrcial  correspimdciicc.  ue  f 

bi;|  iu|d>t  nnd  day,  incenianily,  t^om  year  to  year,  in  a  tinrcnt  of  m 

[  tho  old  continenm  oStr  no  Mmtloi  example. 

hlis  art  genvTuUy  rloaialied  oeeordlng  to  the  ts 
iimnimenls  with  whith  ihej'  work.  Tlicse  im  tbmc  of  Marw.  Uuui 
Mid  Bain ;  all  of  nhieh  truitmuit  de»pMi:h(e  by  metaa  of  a dncle  sm 
ducting  wire,  and  all  of  which  wnte  or  print  the  dopotchB  Hay  ban 
mit  —  tluKcof  Mor»  and  Bain  in  a  tdef^phio  ciphci.  Mul  tlwt  uFUuai 
Ln  Uic  conuniin  Iliunan  cnpital'. 

or  thtMC  ihiiv  t,i •*(:«»,  tliat  of  Mane  U  in  the  mutt  gaumd  im^ 
(jmuDMacicc  whii:h  t*  poctly  Bxphuncd  by  (he  f»ct  llial  it  <r«»  Uw  Ml 
UtM  Hilupii<d,  and  hud  oMahluhcd  ila  graund  long  bcAm  dllicr  sf  tl 
MiupMing  kysU'itis.  It  rau:!  he  aitnullcd  ttial,  mi  bt  lu  j^mbljr  "pinitm 
n  he  necejitcd  n»  a  tint  of  pfai-tieal  i-iccUan'-'.  ihp  •T*(inB  if. 
[  1dnn»  ha*  rccnviil  not  only  a  Ur^  inqjarity  of  iiatnninbi'  > 

^  bul  alto  in  the  nnrthcra  und  natoni  itstv  of  liutrjpi.     In  IVM^ 
ibe  total  extait  uf  tdipniihic  witc  tlien  in  operation  ta  tlioUnildltlWaw 
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r  iOMo  miles ;  of  which  Morw'i  hitd  3t1,973  milra,  Houw'b 
I,  and  Ram'*  fi'O  miles. 

■a  dliUDit  pdntB  ronnncted  by  dn-tric  telegraph  in  North 
l«  Quel)Pc  duiI  Ncv  Orleana,  wliich  ure  •')000  milts  Hpiit ;  and 
R*rp«ratclinB(4iiinivt  Nra  Vtnk  wiih  New  Otlcann,  —  one  nuiniug 
r.  -;;  ihc  w>1ioBnl,  tlic  athrt  liy  way  oT  ihe  Miwriaiippi.  —  eac^b  about 
rsnges  have  hcca  tnuuniittcd  lix)m  New  York  lo 
r  Orlmcui,  and  (ho  oniwers  received.  Id  the  ^iac«  of  dues  houn, 
h  ihtT'  had  necuuri]]!  to  'in  vniitcn  levcnl  times  hi  the  counc  of 

IB  dAcUk  tdcgniph  a  used  by  all  clasaea  of  wckty  as  on  urdinar7 

d  of  tnniiuittiiig  inU'lligetice. 

bvRmBinil  decpuiiha,  and  incasBges  involving  the  life  or  death  of 

K,  are  entitlHl  to  prpculeuce:  next  comr  itnparlant  preaa  cotn- 

i  tnit  the  latter,  if  not  of  extraordinary  inlemt,  tiwait  tlieir 

rnptiont  occur  most  ftpquoit!)-  from  the  interference  of  atmoB- 

i:  ■lotCridty ;  in  (unimii'.  they  ate  ntiniBlcd  to  take  place,  on  an 

irioe  a  week.     Other  Bftidcntai  cauice  of  interruplion  occur 

r,  fhmi  the  falling  of  Ihe  ])o1es.  the  breaking  of  wim  by  fslt- 

I,  and,  particularly  in  winter,  from  Ihe  accumulated  weight  of 

■Xho  electtir  current  is  made  Co  act  Ihrough  long  di«Cancei  by  udng 

d  bnncb  cin-uita  and  relay  ma^els,  in  tbuec  systema  when  it 

id  be  othtttwiM)  too  wndt  to  opuale  effectually. 

tt>  adnplatian  of  Ihe  Ej-Rton  can  be  more  interesting  and  useful  ihan 

mhldl  ia  tnaile  fnt  this  purpoiie  of  conveying  ngnali  of  alarm  and 

9  in  the  cue  of  Hrc.    This  ban  been  completely  developed  in 

I  dlridcd  bto  am'en  districts,  each  provided  wilh  a 

Every  district  conlainit  xeveral  ilatioiis  ;  there  are 

en  ilifirirts  forty-two  flatioiw.  nil  of  whieh  arc  coti- 

a  irtib  a  clu»r  o.'nml  office,  to  which  intclUgenee  of  fire  is  oon- 

1,  aiid  ftrm  which  the  slonn  ti  pTm. 

It  aach  of  (he  Btolinns  thrre  is  erected,  in  Home  congruous  pnitinn. 

1  loi  roniainnig  the  njipnratm  for  conveying  intclllgencf  t* 

and  by  (ttiking  ihr  atonal  Iw'll  a  certun  numtio  nf 

md  itation   hma  which  tlic  a'gnal  is  made  are  iiiill- 

it  ii  alwayi  on  the  walch  at  the  central  office :  anit 

[■  iwUed  to  the  usual*  hy  Ihe  Rtriking  of  a  hu^e  laS 

'  atta  in  mmion  hi*  atann  np]nrtilut,  and,  by  depnst- 

ll  key,  caiua  all  the  alarm  IihUi  iif  Ihe  aevcn  disthcU  M 

•  in  (loifk  aunMMrm  a>  « ill  inilimlc  ihe  tlblrirt  wh.TC 

ifcsJta'kM  wiiiiiml  —  the  alarm  bnii);  nqHstcd,  at  elnirt  iiitvrval*.  u 
■  nqrhau 


ASTRONOMY. 

OBJECTS  OF  ASTRONOMY.— GENERAL  VIEW  OF  THE 

HEAVENa 

1.  AsTBONOiCT  is  that  science  which  treats  of  the  heayeoly 
bodies  —  the  sun,  the  mooo,  and  the  stars. 

THE   STARS. 

2.  When  we  look  at  the  heavens,  on  a  clear  night,  thej 
appear  to  us  like  a  vast  dome,  or  concave  hemisphere,  in 
which  the  stars  shine  like  so  many  brilliant  gems  of  light 


Fig,  1.    The  Stars. 

The  point  directly  over  our  heads  is  called  the  senithy  and 

the  line  where  the  sky  and  the  earth  appear  to  meet  ia  called 
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I  horiaon.     The  nadir  b  llial  point  in  the  Iieaveiis  wliii^b 
<■  oppn«)tc  to  the  zenith ;  thai  ii!,  it  lies  directly  below  our  fuel. 

rhii»  in  Fig.  1,  let  c  n  e  j  reincscot  Iho  eartli,  and  c  the  jiiaoe  of  a 
lanuD  looking  nt  the  itan ;  tbeii  Z  i«  his  ECnilh.  D  his  Dsdir,  and  II  It 
;  11  Z  H  in  \he  li<3nitfpfauro,  or  half  ^hcte,  nf  Btus  which 
Bviiible  to  him,  and  II  D  R  the  opposita  henunpherc.  nhich  would  be 
I  ipectaUiT  at  e  on  the  oppUHtc  side  of  the  eoith. 

t  the  ilaylitne  we  ilo  not  sec  tbe  stars  on  account  of  th« 

srior  light  of  the  sun;  just  in  the  same  way  as  wc  should 

e  the  flame  of  a  candle,  at  tbe  dislnnce  of  a  few  buu- 

d  yardj  from  us,  when  thu  sun  U  sbining;  but  with  a  lul- 

e  Uie  stars  am  be  seen  Ht  any  time  of  tbe  day. 


CUtOIKAL  PUIKTa. 

,  In  Ihe  Dortbem  hemisphere,  if  you  look  towaids  the  fan 

XiD.  your  face  i»  directed  to  the  south  ;  your  back  is  lo- 

'  -wnrdi  (he  north  ;  the  emi  ia  on  yoiir  lefl  liuid  ;  nod  the  we^t 
ii  on  your  rit;bt.  Tht»«  four  points  in  tlie  horizoti  are  called 
tlie  tnrdiiuil  poinlt.  Tour  shadow  ut  noon  is  sliorter  Ihim 
it  ^kt  any  other  time  of  the  day,  because  the  sun  bao  then 
alioinod  his  greaie*!  clcration  above  the  horizon.  Tbe  sun 
n>«  towunls  tbe  east,  wtil  cets  townrds  the  west.  At  noun 
I  ill  wid  to  be  ou  the  meridian  ;  and  tlie  time  which 
I  between  hta  leaving  the  meridian  and  reluming  to  it 
i  cnllud  A  *oUir  day. 


onntNAL  MonciN  op  the  heavens. 

.  If  we  look  attentively  al  the  ^txn,  on  a  elouille<d  nSgbt, 
H  *ee  one  Htar  after  another  apparently  rising  above  our 
I  la  the  east,  and  star  ai\rr  star  leHinff,  or  sinking  bc- 
r  borixon  in  the  west.  A  little  fiirtlier  ubcervHtion  will 
s  that  tbe  wliolt!  visible  beavi-ns  B|i[)car  lo  turn  from  ejwt 
xiui  u  i-ertaiu  little  xiar,  confiderably  clevaTed.  cuIIimI 
ttar  !  unil  that  a  ititopleie  revolution  is  tnnde  in  Ibo 
'  every  <Uy.  Now,  this  apparent  motion  of  the 
I,  M  wn  ahull  aftarwardfl  sci^  is  really  produced  by  the 
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rpFoliiUon  or  tuniin;;  of  tlio  earth  rroin  wr»t  to  imH,  romd 
line  ur  Hsigi,  which  wc  mny  eottecWe  to  be  <lntwn  UiiuugU  ll 
ftsaire  nf  I  lie  eHrth  nnd  tiiD  poliir  einr.     ThU  i>  caBcd  tbi 
diuruul  tnacioQ  of  tlie  henv^ns,  becuuae  it  is  ptTfonned  in 
course  of  a  da;. 

Ill  Fig.  I,  N  rcjiresoilB 
tlic  heavens  appear  to  tu 


5.  In  n  clear  night  about  two  thoufliinH  fimrs  mny  Iw  » 
with  [he  naked  eye,  but  with  u  f-aiM  tHesnope  mtinj  laJU 
may  be  ohserved.  The  stars  appear  to  us  of  iltftiintot  «tM 
and  degrees  of  brighlness ;  the  largeat  and  brighlesi 
to  be  of  the  first  magnitude  ;  tl>e  next  in  uri)i:r  of  Itio  MOon 
mugnitude;  and  so  on  to  the  iixth  magnitude,  which  i 
prises  tliose  Tery  small  al&rs  which  are  juat  visible  fo  ill 
'  nuked  eye.  There  are  only  nine  slant  of  the  fimt  u 
in  our  heniisphere,  and  twctvt<  in  lliu  aouthira,  or  o|ipon| 
hemisphere.  There  are  about  filly  of  the  •C[i>nd  ma^njttU 
visible  to  us,  and  iiul  le^s  than  one  huiidcetl  aud  tmui^  oTIh 
third  oiagiiitude.  * 

FIXED   STAItS  JHCD    Pl^VBTS. 

C.    Ni-urly  nil  llie  stari  which  we  see  un-  fixi-d :  ihnl  is  to^ 
tjiy.  lliey  do  not  ehau^-  Iheir  disljiiiee«  from  one  amdlivr, 
alway.4  |>n.'s<!nl  the  ^aiiio  oiitliixt  of  form.     Soinu  of  the  M 
howerer,  do  not  alvinyn  remnii)  in  the  eamfi  plim.  twi 
araoDfc  ihajlrml  tian:  these  star*  are  culled  jAanftt. 

Tli«  fixed  stun  are  fUsu  diittinicuished  li'otu  tlii-  ptaimta  I 
havbg  a  more  Iwiiiklin^  Mtrt  of  Ut;hi ;  and  vicw'.'d  ilimagli 
litliMUOpe,  the  plaimis  look  likn  Kttli-  liimiiiono  p;MiM,  wM 
U>««iflni  nimply  n]>pcar  like,  tirilliunt  puiulo  of  light  wjibo 
auy  appreeiiibli:  mxc 


UTSOXOXT. 


CONBTELLATIOKS. 


>  ^M  Ancittnt  MtruinumFrs,  for  llie  convenience  <if  refer- 
iKtl  the  llxed  Blura  Inio  coDsli^IliitioiiB,  or  grou)iti  of 
1  reprencnifd  llicm  hy  iknimtiU,  luril  othur  ihioj^  to 
Bdi  the/  imaginfd  tlir  outline  ot'  tbe  8t!iiv,  in  each  groupt 
)  rcMfrniilunoe.  'I'liu  most  etrilting  tif  the  cnnRinlln- 
B  i«  thnt  ni  tlie  Greal  Hear,  wliii'li  is  cuumiuiily  kriuwn  l>y 
!  of  Cliarlett   fCaiu,  or  wji-oii.     Snilor,   ci.il    Jt   Ihe 


k'llation  in  ehown  in  Fig.  !,  where  the  fbiir  Btm 
]>rc>ait  ifae  bo<t<r  of  the  <Ii]>p(T,  unil  [he  remaui- 
I'lir  tV(i  Ktar»i  A  a  nro  coIIhI  lAe  fnintm  ;  ftn  if  a 
ii'ia  it  will  very  nearly  poiut  U>  Ihc  poUi  but  H, 


Pif,  2.     ConneUntion  at  ihe  Great  Bear. 

f  In*  be  (Inini  from  ibc  i:tar  e,  leaving  s  a  little  tn  the  left,  it  nil! 
|l  tlmagb  a  rcry  Imltiuit  siar  A.  cuUod  Arcturtu,  wliich  is  the  jiriii- 
D  the  conMelliiBiin  «t  Boo'U*. 

UMW  of  tbi*  (lifleiT nt  troiistt^IIutions  may  be  reoiHIj 

pibvd  bj  loolcing  M  ■  (.■i^ientiHl  ttlobi?,  whic^b  in  n)nritn)r(i<«l 

il  tJie  a&pppi  of  tite  hcsvons.     Tlieae  cuiistiillauntitf 

■  prrwurt  lUv  cnmo  •ppraninw ;  the  honry-hmdi-d  mini, 

n  on  bin  piisr-,  ik>  bp  tak<^  tl  nmy  be,  a  lasl  look  nt 

Ma  Wiitn.  *r«U  rem«iuWra  that  it  itr^st-iih-d  ilia  some 

I  when  hq  Ont  guad  iipon  it  in  the  jojuna  daya  of  lils 
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310XS    OF   XHE   eODIAC>  —  THB 

8.  Tliere  is  »  reniarkii1>lt:  cku  of  uonstcllalions, 
round  lli<;  lieavniiB,  like  n  band  or  Uelt,  in  wliklt  Uie 
nlwnjrs  appear  lo  move ;  this  bell  of  slare  coaiains  iwdv 
vimatijUationii,  whidi  aro  cnllcd  cAc-jiynx  o/'  f^  aodiae.  *j 
sun  also  appenri)  to  us  lo  mtike  n  coaiplcia  revolution  in 
tieuvcns,  ill  ibo  L-uur^c  of  a  year,  through  llie  ditTereut  c 
RtdluliuiiB  of  the  xudiiw.-.  Tliia  appuri^nt  patli  of  Uie  Ailii 
the  lieaveria  ia  called  tha  eeliptie  ;  the  coiiKlcIlaUoti*  of 
KodiHC,  liiereriVL-,  mark  oiil  the  ecliptic  in  the  henrenb,  1 
turm  zodiac  ini-aus  animal,  und  thiH  appnreat  path  of  ibe  : 
w»d,  no  duubt,  eo  (tailed  on  ucuouul  uf  the  tiotuce  given  to 
various  coustelhitiona  (imposing  it.  Thti  ziidlao  i«  diii 
into  twelve  si^s  to  correspond  to  the  twelve  moutlu  of 
year.  The  following  labie  gives  thfl  names  of  the  ugiw 
the  EodiaC)  with  the  nDirku  or  syniboU  which  tire  put  for  tfc 


J\-«m« 

n/  M.  %«  o/  (A«  iSKiwir. 

Ati»    . 

.     ihfWim 

.    T          lihre   .     .    Uit  naJUmci.    . 

TnuniB 

Mb  B«/1  . 

•   ti 

Scoipin      .     thi  Scnrpitm     . 

Graiuii 

.  (*-.-n»,« 

-  n 

SitgittorilW    Me  Ardur    .    . 

Cencet. 

.     ttjtVa* 

■     G 

Copnoomus  tA>  (not      .    . 

Leo.    . 

.     ihtLiim. 

■     SI 

vitgp  . 

.     tit  riryin 

■  n 

Flsca  .    .    tJu  Fitkm   .    . 

fi  EN  10  UAL 

raiNCifL 

BS   OF  ABTROKOUr. 

0.  In  the  study  of  adti'onomy.  it  is  above  all  things  neoe 
tary  that  we  shouli]  renson  upon  appoamnt^s,  nnd  tliat  « 
should  allow  ihe  Hrst  rude  notions,  ilcrive<l  from  the  een«e(,  ' 
Iw  (H)rr«ied  by  the  judgmeiil.  Ae  theBB  remarks  are  ewei 
titkl  lo  a  right  appreciation  of  our  luothods  uf  cxpiuitltiiit 
will  bo  iimrui-tive  lo  elucidate  thorn  by  taking  oan  vrttn 
familiar  cases. 

The  i-.n>i6  •!  Uie  top  nf  R(.  Paul'*  othedinl  oppian  la  lu  no)  Im 
thm  a  waUdng  stick,  whtmu  its  length  is  mtfy  gruala  than  tlwtlMn 
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tion  of  an  ordinary  house.  Here,  by  taking  into  account  the  distance 
of  the  cross  from  us,  we  are  able  to  assign  a  reason  for  its  apparent 
nnallncss.  Li  precisely  the  same  way,  the  moon  appears  to  us  scarcely 
Ixu^cr  than  a  man*s  face ;  but  when  we  con!<idcr  that  it  is  many 
thousands  of  miles  from  us,  we  should  be  prepared  for  adopting  tlie  fact 
that  it  is  a  world  not  much  smaller  than  the  i^rth  on  which  we  live. 
In  like  manner,  we  should  be  led  to  expect  that  the  planets,  which, 
owing  to  their  still  greater  distanr'cs  from  us,  apixMU"  like  little  balls  of 
light,  ore  in  reality  vas^t  globes,  muny  of  wliich  are  considerably  loiger 
tliun  our  earth. 

When  we  are  moving  in  a  railway  carriage,  we  should  from  appear- 
ances believe,  if  our  reason  did  not  correct  this  belief,  that  the  houses 
and  trees  were  moving,  and  that  we  were  sitting  still.  In  like  manner, 
■we  i^bould  be  prepiired  to  question  the  tnitli  of  the  first  impression  of 
our  senses,  when  we  are  led  to  imagiriC  that  the  whole  of  the  heuven;i 
turn  round  us  in  everv  twetitv-four  hours,  and  to  a^k  ourselves,  **  Is  it 
not  more  rational  to  suppose  that  this  ap]Kiroiit  motion  is  produced  by 
the  actual  rotation  of  oiu*  earth  it^rclir "  The  science  of  astronomy  has 
CBtabliBhed  many  principles  which  are  at  variance  with  the  first  rude 
iioticKiB  derived  friom  luere  uppeurancos  :  the  follo\%'ing  general  principles 
deserve  especial  attention :  — 

Our  earth  has  the  form  of  a  plobe  ;  it  turns  or  spins  round 
upon  its  axis  every  twenty-tour  liourr?,  and  thus  gives  rise  to 
the  apparent  diurnal  or  daily  motion  of  the  heavens  ;  it  also 
moves  round  the  sun,  in  the  course  <»f*  a  vear,  which  oc«i- 
filons  the  apparent  motion  of  the  sun  in  the  ecliptic.  The 
planets  are  worlds  like  our  own  :  and  tJH'v,  tojrelh(?r  with  our 
earth,  revolve  round  the  sun  a^*  lh<^  common  centre  of  attrac- 
tion, in  different  paths  or  orbits  ;  they  also  derive  their  Ii*rht 
and  heat  fn)m  it.  The  sun,  with  all  the  planetary  bodies 
which  move  round  it  as  a  centre,  is  called  the  soiar  si/sfem. 
The  fixed  stars,  which  are  at  immense,  distances  from  us,  are 
suns,  with  their  respective  systems  of  unseen  worlds  revolving 
round  them,  probably  similar  to  the  solar  system. 
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SOLAR  SYSTEM. 

10.  The  solar  B^slem  consista  of  tbe  sun,  in  the  centre, 
round  which  all  the  planetary  bodies  revolve. 

The  leading  planets  move  round  the  Bun  fi'oni  west  to  east, 
in  nearly  circular  orbits  or  paths,  l^ing  nearly  in  the  uune 
plunti,  or  flat  sur&ce,  that  ia,  in  the  plane  of  the  ecliptic,  and 


Pig,  3.    Solar  Syston. 


rotate,  or  tipin  round  on  their  axes,  in  the  same  direction. 
Some  of  the  planets  have  moons  or  satellites  rt^volving  round 
them.  The  names  of  the  planets,  in  the  order  of  their  dis- 
tances from  the  sun,  are  Mebclkv,  Vknus,  the  Earth,  Mars, 
JrriTER,  Saturn,  Urakus,  anil  Neitvsk  ;  together  with 
forty-four  small  planets  called  Actkroid^,  or  liltle^lurs,  which 
move  in  orbits  lying  between  Mars  and  Jupiter.    These  are 
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ilieA  primiiiy  pUinrlt ;  llii^re  are  also  20  niooas  or  satellites, 

jPirliicU  »TK  called  secoitdarj)  ptaneti,  becauau  ihe;'  revolve  round 

r  reepcctivc  primarirs  in  the  BSLtm:  manner  as  the  latter 

nim)v«  round  tbti  sun.     Ttiu  mcxin  ia  the  salellite  U  tba 

f  aKTlli:   it    coroplelM   a    revalulion   round   tlie   eorlii  in    Uie 

Mine  of  every  Juiwr  montli.     Jupiier  lias  four  eaielliiefi, 

Stum  eight,  Uranus  six,  arid  Ne[i[iint:  one.     Besides  thp^e, 

tlicr*  is  another  ordi-r  of  bodies,  which  revolve  round  the  sun 

niUcd  eomeU ;  Uiey  have  bbziug  trails,  and  move  in  wiy 

«cci3itric  urhils. 

Th*  mlw  ertion,  as  jiut  docribed,  was  first  taught  by  PythagonM, 

■  (ininmt  Grwk  phUoeopher,  whii  lival  »boul  oOO  jpsn  befiiro  the 

[^^mc  at  Cbrut.     But  it  wu  amn  oitcr  disregarded,  and  vnriout  false  *)r»- 

igbt  in  ita  |ilaiv,  until  atmut  300  treats  offi,  when  Coper- 

•  nrind  tlie  true  Bf^xaa  which  hod  bpen  diacavCTMl  by  tlie  grori 

Hk  planda.  with  the  other  bodies  eompoftng  the  solai  syKtetn.  will  be 
It  njly  ilomlml  aftd  wc  hitvc  contddercd  the  diffdcnl  motioits.  &c., 
B  ^  tbo  evtb  luid  the  nuiaii. 


THE  EARTH  AND  ITS  MOTION. 

FOKa   AJtD   8IZE   OP   THE   EARTH. 

II.  The  fnrth  hnx  the  firnn  of  n  ghba  :   that  i 


Pit,\.    'n«BMthia8|M& 
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a  ball  or  orange.     This  is  proved  by  various  facts ;  the  fol- 
lowing are  given  as  being  the  most  simple. 
Navigators  have  sailed  round  the  earth. 

If  a  ship  sail  constantly  in  the  same  general  direction,  either  eastward 
or  westward,  she  will  arrive  at  the  8umc  place  from  which  she  set  out. 
Now,  if  the  earth  were  an  imbounded  plain,  or  ^t  surface,  the  Either 
the  ship  sailed,  the  farther  she  would  get  from  tne  point  of  departure. 
Magellan  was  the  first  mariner  that  sailed  roimd  the  world,  but  Colum- 
bus was  the  first  that  made  the  attempt. 

The  earth,  then,  is  a  great  globular  mass  of  matter,  without  any  fixed 
point  of  support ;  for  navigators  and  travellers  have  croftied  it  in  all 
directions,  uiid  no  such  point  has  ever  been  seen. 

The  hull  of  a  vessel  disappears  as  she  leaves  the  shore. 

When  a  vessel  leaves  the  shore,  at  a  httlc  distance,  a  portion  of  the  hull 
is  observed  to  disappear ;  a  Uttle  farther,  the  hull  is  lost  to  the  sight ; 
at  a  greater  distance,  the  lower  sails  disappear ;  until  at  length,  only  the 


Fig.  6.     Kotundity  or  Roundness  of  the  Earth. 

upiXT  pails  arc  seen  in  the  horizon^  or  the  line  where  the  earth  and  sky 
ai)pcar  to  meet,  l^ut  if  we  now  ascend  a  high  tower,  we  should  get 
sii^ht  of  the  IniU  again.  Now,  if  the  earth  were  a  flat  surface,  we  should 
alwavs  sec  the  hull  at  the  same  time  that  we  see  the  topsails. 

m 

Tlie  earth  always  appears  of  a  circular  shape. 

The  rotundity  or  mundness  i«  such,  that  a  man  six  feet  high,  standing 
U])on  the  sea  shore,  would  sec  a  little  lK)at  when  its  distance  from  him 
docs  not  exceed  thn^  miles ;  but  if  he  were  elevated  twenty-four  feet, 
the  boat  would  be  seen  at  tlie  distance  of  six  miles ;  and  if  he  were 
eUvatcd  fifty-four  feet,  the  In^at  would  \m  seen  at  the  distance  of  twaity- 
Sfvcii  miles ;  and  so  on :  the  distance  at  which  the  boat  would  be  seen 
intTcasing  with  the  elevation  of  the  oliscrvcr.  In  all  these  cases  the 
man's  view  is  Ixjundcd  by  a  circular  horizon.  Now,  there  is  no  body  but 
a  globe  that  will  always  appear  of  a  circular  shape  when  viewed  at  dif- 
ferent distances. 


Af  wlulfra  (liitnnre  I  lunk  at  Ihia  UttJo  giiAv.  it  always  Rppean  to 

hjT.-  n  drc'ulnr  sbopo ;  and  ttionma,  the  fsitho  it  ii  remtn-ed  from  my 

•'■     :n .'iirt  U  the  MCtent  of  mrfiu^p  that  I  wc.    Mr.  Gkkiii  wlven Iw 

i '  h  hia  bDlloan,  will  «ct'  mi>rr  of  tliL'  cntth'n  surface  than  we 

'iiTtich  wpKhmilil  Ix-nn  thf^lnpnf  IticliiiKiiid  Ilitl;  and  whaC- 

-  ■         !  1  lii«  liriiiht  n'mvr  the  ciulli's  iiirfiiri',  hr  will  nlwnjs  Knit  that 

ji  [Lrr  -'iitN  o  rirciiliu'  shnj*.      WTim  !«.■  I1115  oltnined  his  (frt'Bleet  tdcvi- 

tiun,  the  Infant  lulls  and  trmi  will  appear  to  him  jiut  like  the  little 

tmcuIvitieB  wMch  wd  see  upuu  the  eixrtKe  of  on  orajige. 


fig.  T.    Tlic  Earth  always  appcan  to 


THE   DlAMItTER   OF   TOE    EAHTH. 

The  difUHfilfr,oT  line  passing  through  ihe  centre  01  1I16 

I,  n  tUtoat  ^KH)  milei;  anil  n&  tim  lenglh  nf  a  line  going 

land  ■  anio  is  u  little  mure  tlinn  lliri^:  times  llie  dinmrlrr, 

Wtt  tttat  llic  length  of  a  lin«  going  ruund  the  earth,  or 

mmftrrnef,  ia  atioitt  25.000  milea.     A  railway  train, 

I  with  ihi:  »)ii:t<1  of  oil  miles  per  hour,  wouM  go  round 

nil  ill  Bbimt  ."iOlI  hour!*,  or  about  thme  week*,  sujiposing 

irere  du  ub-'irui-lkinti  to  the  uiotiiin.     This  will  give  ua 

X\\v  gn-al  gjxi'  of  tlie  eurtli. 
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13.  The  earth  lias  two  moliAnn — ao 
tion  upon  iu  axiii,  uiiU  uti  amitial  or  yi-ai 
■uh;  ibat  is,  il  turn!*  roiiml  like  u  e|)inning  top,  antl  at  ttx 
Bnme  lime  moves  roiin<l  ihu  sun. 

14.  Caa*o  o/"  iJay  and  Night.  —  The  spinning  moUon, 
revaluiiun  of  the  eurtb  u]tuii  iu  axis,  is  Uie  cnuac  of  Any  m 
night.  When  the  sun  ^hiuea  upon  our  side  of  the  oanh,  it 
day  with  uc,  unil  when  he  »hiiie.a  on  the  oppo^iia  6ule,  it 
night  with  us. 

If  you  hold  a  globe  or  omiige  licfiire  a  r.ailille,  one  \iait  tt  tbVfk 
Will  be  enlightened,  arid  ihe  other  half  will  Ik  in  the  aliiide ;  wid  IT  1 
^be  he  turned  round,  ercrf  piiitioii  will  lie  ■ncctsiivi'l}  hn^ufth 
the  Ught  of  tbe  candle.  The  liiic  ■/,  Mpuruuiig  the  lij^hr  umj  i!>biI<^ 
called  fAd  circtt  of  iUuminatian.  Let  uu  aiijijiom  n  UiLk  U_v  t"  tfl-  6xc 
da  this  globe  i  then,  tfannigbout  one  hiilr  111  tlic  rcvuliiiiuri,  the  i-rMtui 
will  be  in  the  shade,  and  tlirouijhaut  the  ot)i(ir  half,  the  t^rr'atutii  wtQ  I 
in  tlie  light.  "Wlien  the  tty  cumcs  un  Uie  circlv  of  illiiminuticni.  it  wi 
then  jutit  begin  to  lee  th«  Ptuidlc ;  and  when  i^  ia  pasaiug  nut  of  tl 
dicle  of  iUaminalian,  on  tbe  other  dde>  the  caniU*  will  jwt  b«  Si^ 


♦ 


Fig.  8.     Ught  and  Shade. 

pcaring  tn  it ;  hut  when  ii  is  in  the  middle  ot  theM  two  p> 

dip  will  thine  directly  or  {jCT^icndii'ularly  ovn  it.  and  here  it  wltl  n 

the  gnnti«l  amount  of  Niihi  and  hnal  Atim  the  cuidle.     So  It  It  W 

OUT  mrth :  thr  )<uii  enlightmu  oiie  half  of  the  iiulh  at  hub  Unio.  thp  M 

half  being  ill  duikiinia.     ^licn  a  placp  jiisl  umiic*  withiii  the  ittntla  41 

U^miaaiirnt,  ih?  lun  then  b(4;iiiii  to  nhine  or  tine  to  that  plao*  i  tmd  a 

the  mnttUT,  when  the  ptocc  t>  Junt  pnng  out  of  the  rind*  of  lUwi 

tJoOi  the  aim  wUl  be  dlui[ipcarhig  ur  actcing  to  that  tilac 

between  thrae  two  Unn  of  iUumtnalinn.  tlie  nun  will  ibliie  dllMnJy  V 

at  pCTjiCTidltulBily  oviT  tht-  plain,  and  thai  it  will  be  b 

pla^-. 
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Now,  if  the  earth  were  standing  rtill,  one  half  of  it  would  have  per- 
petual day,  and  the  othtT  half  would  have  peq)etual  night.  But  in 
oidtT  that  the  whole,  or  nearly  the  whole,  of  the  earth  may  be  habitable, 
it  is  ordained  by  our  good  and  all- wise  Creator,  that  the  earth  should 
turn  round  once  every  natural  day,  so  that  fvcry  portion  might  enjoy,  in 
succtV'ion,  the  li^ht  and  heat  of  the  sun.  This  motion  of  the  earth  is 
culled  the  diurnal  or  daily  motion. 

1*5.  But  how,  it  may  be  asked,  do  we  think  that  the  sun  and  stars 
move  from  east  to  west  ?  Just  in  ilie  same  way  as  when  we  are  in  a 
railway  carnage  we  believe,  if  our  reason  were  not  to  correct  the  belief, 
that  the  nearest  trees  and  houscH  have  a  motion  coiUrary  to  that  wliich 
we  really  have. 

In  order  to  illustrate  thi»  still  further :  let  b 

A  represent  an  obj<?ct  caiuible  of  moving 
round  the  glol)e  E  F,  which  admitn  of  turn- 
ing on  its  axis  o.  Firet  let  the  object  A 
move  round  the  globe  in  the  direction  of  the 
anow  shown  in  the  figure,  while  the  glol)e 
itself  remains  at  rest ;  the  object  at  A  will 
appear  in  the  horizon  to  a  spectator  at  £ ; 
but  as  the  object  moves,  it  ^ill  apiK-ar  to  the 
spectator  to  rise  higher  and  higher  above  the 
horizon,  until  it  arrives  at  B,  when  it  will 
appear  in  the  zenith,  or  directly  ovit  the 

head  of  the  person.  Next  let  the  globe  turn  round  on  its  axis  o,  in  a 
direction  cotUmry  to  that  in  which  the  object  moved,  as  shown  by  the 
arrow  in  the  figure,  while  the  object  A  stands  still ;  the  apparent  motion 
of  the  object,  as  seen  by  the  siiCtator  at  E,  will  be  exactly  the  same  as 
l)cfore ;  thus,  when  the  globe  begins?  to  nri'olve,  the  object  A  will  api)eur 
to  the  spectator  E  to  be  in  the  horizon  ;  !)ut  a**  tlie  globe  turns  roimd, 
the  object  A  will  appear  to  rise  highcT  and  liighcr  alwve  the  horizon, 
until  the  spectator  has  turned  round  to  F,  when  the  object  will  apixar 
in  hill  zenith,  or  directly  over  his  head.  Now,  if  the  glolie  tunud  round 
on  its  axis  without  any  jarring  motion,  or  without  any  jolting  or  >hak- 
inj?,  as  ilie  earth  really  dots,  so  that  our  s]M'<'tator  mi^ht  lie  altogither 
insensible  of  his  own  motion,  then  it  is  plain  thiit  he  would  at  iirst  1)0- 
lieve  that  the  object  had  moved  from  A  to  B,  that  iN  from  his  horizon  to 
his  zenith,  in  the  place  of  having  himself  moved  round  i/iith  the  globe 
from  E  to  F.  ITius  the  apparent  motion  of  the  heavens,  from  east  to 
west,  would  be  produced  by  the  actual  rotation  of  the  earth  on  its  axis 
from  west  to  east. 


It  would  be  opposed  to  the  simplicity  which  we  every  where 
observe  in  the  works  of  Gud,  as  well  us  at  variance  with  tho 
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known  laws  of  mechanics,  to  suppose  that  the  aun,  willi_nuuij 
thousands  of  worlds,  most  of  which  are  vastlj'  larger  than  our 
own,  should  move  round  our  globe  once  in  every  day,  whea 
the  same  end  could  be  served  by  our  earth  simply  turning  on 
ita  axis." 

LINES    UPON   THK   QLOBE. 

16.  The  eanh,  then,  makes  a  complete  revoluiion  every 
day;  the  line  about  which  it  turns  iii  called  the  <Kni  of  At 
earth  ;  and  the  points  where  this  imaginary  axis  pierces  the 
earth's  surliice  are  called  the  poles  ;  llierc  are,  thei^fiire,  two 
poles,  tlie  one  buing  called  ihe  nordt  pole,  ihe  otlicr  the 
touth  pole.  If  a  line  be  drawn  round  the  earth,  every  where 
at  the  same  distance  from  the  two  poles,  it  will  form  the 
equaloK 

If  yoa  npin  a  globe  upon  ite  axis,  you  will  find  that  tbe  line  which  we 
call  the  cquatoi  has  the  quickent  motion,  and  that  the  pales  are  tbe  only 


M 

W) 

w 

Fiff.  ID.    The  Qlobe. 

pointx  on  Ihe  mirface  of  the  globe  which  have  no  motion.  In  this  figure, 
N  S  reprerciits  the  axU  of  the  earth,  N  the  north  pole,  S  the  south  pole, 
E  <1  the  ei|uat4)r. 

recently  been  proved  by  an  eiperimoit 


Tha.  r<[ti«lnr,  ihri^rorc,  diniles  tlie  earlli  info  two  eqnul 
i-n.-n  ilie  [lurtiuti  E  If  ({  is  culled  tlie  northern  hemitphrrt, 
r  tialf  cpherv:  and  tbe  portion  B  Q  tS  i«  v».\\^■A  liic  touiiura 

l.lircliu  iijKin  tho  glolio  uro  dividpii   into  SBU  ci|uul  parUi 

<  -d  etu^  [lurt  b  culled  n  degree.     A  suiuiuircle,  or.lmlf  circle, 

ill  wmitun    160  d<jgreb»,  (180°.)     A  (luudrant,  or  quoriar 

.    .;lG,  will  cuntaiit  W  degrees,  (ilO".)     The  Autmm  of  thi 

',iJutor  from  eillicr  of  ihc  j»oles  will,  tberelbrc,  contain  90*. 


LATITL'DP.   AND    LONQITL'DK. 

17.  An  imaginnry  line  dmwn  over  Ihe  surface  of  the  earth 
I'l'ini  till-  north  to  the  raiith  pule  i«  mlk-il  n  mtriJi'im,  becuuiie, 
'  liLH  any  meridian  ia  opposite  lo  llie  sun,  il  i;*  mUldat/.ar 
n  'Jill  lo  ail  places  on  llml  line.  These  circles  will  all.  cvidenl- 
'  1 ,  lie  diie  north  and  M>uih.  Meridian  lines  are  alt^o  culled 
iirii*  of  longitude.  The  meridian  pacing  through  Greenwich 
r-alled  tlio  ^r»t  mrriiiiim,  or  the  one  to  which  the  position 
'  I   all  tliF  others  \i  refern-d. 

IK.  The  hngiliuU  uf  u  pluce  is  its  di^luncc,  in  degrees, 
L-t  or  wi::>i,  ftom  the  tint  meridiun.  Thus  America  has 
'"v^l  Ian;tiLude,  whereas  jVaia  and  AKca  have  eaat  lon^lude. 
.  The  latitude  of  u  place  is  ils  distance  from  the  c(|ua- 
All  plneeji  in  the  northr-m  heraispliere  have  north  lot!- 
and  on  tlie  eonlrary,  nil  places  in  the  »mtliem  lirmi- 
lihere  havn  toul/i  Inlitudt,  Thu«  a  place  midway  heiween 
I  >  niuaior  and  north  pole  will  have  4o°  north  laliltide; 
'iKjira*  n  pUcr  midwny  betwei^n  iho  equator  and  the  eoath 
|>ola  will  have  4^°  «uuih  hilitude.  London,  being  ■'iU"  from 
lian  511°  north  latitude. 

drawn  round  the  earth  parallel  lo,  or  even  wilh, 
are  cjdicd  paml/eh  of  latilude.     't\wm  linos  are 


« 
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called  tmalt  rirelfi,  becaiiso  ih^y  are  leM  than  (be  f/r«at  eirrtt 
or  circles  wliicli  divide  the  globe  into  two  equnl  parU,  like  tl 
vijuaior.  The  une  of  pamllftU  of  lutituilu  ia  lu  potni  a 
places  ihftt  liave  tlic  ganiL-  latitude  or  disinneo  from  the  cqu 
tor.  The  latitude  of  a  place  will  obviously  be  measurrxl  npi 
the  nmriiliai)  pAssitig  through  tbu  plucc. 

31.  In  ordi-r  tu  Hx  the  oiact  poritian  of  a  place,  we  murt  likM  : 
dutanoes  from  laa  known  lines.  TUue  my  pamtion  b  this  roam  irill' 
known  wbLii  1  tell  you  tliul  I  am  twelve  fytl  biun  the  wuU  In  boat  i 
lae,  and  ten  Feet  frum  the  wall  to  the  right  of  mc>  So  it  is  witll  rapl 
to  the  earth;  when  we  know  Ihe  distann;  uf  a  plnK.  iiorlll  wacntt 
trom  the  equator,  and  at  the  aanv  time  it«  diitUiCHi  tual  ui  wiad  fit 
the  fint  misriclian,  the  pusitioii  of  that  place  Iwcomes  known.  A  nutt 
ISO,  drawn  thniu^h  a  pluce.  will  out  the  equatiir  in  a  (.wtaul  p^li  l! 
distance  ul'  which  from  thv  £nt  mEsidiaii,  uunsured  in  isgitef  on  ( 
f(|uiitcir,  will  giTutht'  longitude  of  the  place;  and  Ihc  dulancvufl 
phice  from  the  njuatut.  mcosured  in  degrees  upon  Iht'  meridian,  WiU  ffi 
the  lacitud&  llius,  if  the  mcridiao  pasiog  through  the  plauv  H«i  3 
bi  the  eB«l  uf  the  iirst  mdidiaii,  then  the  place  will  bave  'ii°  caat  lau 
ludei  aud  if  the  plane  bu  40°  north  &oui  llie  equator,  tJie  latittidc  v 
tut  40°  north. 

23.  ])ecBiii-L'  the  eanli  liima  uqu'v  on  ita  axis  from  weat  to  isat.  ar< 
■criint  300  dL-jnt^a  in  the  course  nf  tweniy-four  huura,  it  liillow*  tl 
the  twenty- fourth  purl  oT^SD^,  or  16",  will  be  turned  round  •ntxjlv 
A  idaw,  therdbre,  having  Ifi"  rart  longitude,  will  hove  noon  opo  il 
brforc  us ;  and  a  pluee  having  IS"  west  longitude  will  bavv  noun  < 
tuniT  altPF  tui.  In  general,  we  niuxt  allow  an  hour  aa  the  dlHVmu* 
time  between  any  t«'o  places  for  every  IS"  differanee  of  loiiiiiW" 
Thus  Alexandria  baa  30°  eert  longitude;  conffiquenOy  as  laaiiy  ttn 
an  IB'  can  be  taken  out  of  30°,  so  many  htnira  will  the  ptnplv  rf  l! 
]ilape  have  noon  before  us  in  London ;  that  k,  their  noon  wiU  taka  pb 
two  liouja  before  our  noon. 

2a.  By  this  means,  aeanum  arc  enabled  to  find  thiii  longilud*  :  M 
pow,  for  example,  that  the  paint™  of  the  clock  which  ihej  lake  « 
tlietn,  ktvping  [iii>i,>uwish  dnnv should  beat  ninto'rlork  in  iJm'  nW 
ing,  wboi  it  in  noon  to  the  place  of  nhnlTvnlion  ;  ihm  tha  dUBiTisr* 
lim"  iM-tiig  tltri^  hiuin,  ibc  din^cnrc  of  lon^^itiula  will  bv  UirM  6a 
)f°,  or  4G°  ;  Inn  aa  the  pWcof  oltHTValioii  bus  tinin  iHdiirii  lu^  R  h 
I'oniiaiuenily  have  14°  cast  Inngitnilc 

24,  As  the  length  of  t)i(!   parallula  of   lAliradc   \nvH 
T  Slid  slioricr  ua  tlicy  appruadi  the  pate,  it  faUowi  ll 
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a  degree  of  longitude,  estimated  on  an;  parallel  of  latitude,  is 
■boTter  than  a  degree  on  the  equator.  Tliia  princi[ile  is  ob- 
served in  the  coostruction  of  maps. 

THE  TROriCB   AKD    ECLIPTIC. 

25.  If  the  sun  were  always  ehiuiiig  perpendicularly  over 
the  equator,  as  in  Fig.  11,  tlie  length  of  the  day  aiid  night 
would  always  be  equal  all  over  the  globe.  The  bud  has  tliis 
position  at  the  commencement  of  our  spring  und  autumn,  that 
it,  m  the  21st  of  March  and  on  the  22d  of  Suptember. 


.^^!iS>. 


The  Sun  in  Spting  and  Aulnmn. 


Owing  to  c 


s  which  will  afterwarda  be  expluned,  we  find  thai 
^  day,  the  sun  ehinca  popcndicularly  over  a  lino 
e  V,  going  round  the  earth  234°  on  the  northern  Me  Ot  the  equntor. 
(See  Figa.  11,  12.)  Thi«  line  la  called  tht  tropie  of  Caneer,  bccauno 
the  (un  ^ipesn  to  ih,  at  thia  tinu^  amongst  a  ootain  group  of  Man 


Fig.  12.    The  Son  in  Summer. 


called  the  cotutellatiaTi  nf  Cancer,  or  the  Crab.  Now,  aa  the  sun  en- 
lightena  one  half  of  the  globe  at  raie  time,  it  ibllowB  that  his  light  must 
extoid  234°  OTQ  the  north  pole,  that  is,  to  the  point  e  in  the  figure,  and 
a  tine  s  d,  dnwn  nnind  the  earth  parallel  to,  or  even  with,  the  equator, 
fa  calUd  the  antic  drdt. 


VATCItAL   ASU    BXPIiaiM CNTAL    FSILOSOPBT. 


1a  lilu  niannci.  duitng  a 
ihims  [idpeniiiL-uIiitlf  uvea 


I  mulviiUcr  day,  (ta*  Ft^.  13.)  lb*  ■ 
.  Imc  y  ;i,  'J3i°  ou  Uh;  ibuUi  Bib  rf 


-^ 
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njualnr :  this  line  is  cuUmI  llie  Iriipic  of  CajiraarTt,  Ixmuiw  Uid  • 
B]j|icaTi  to  uE,  at  ihU  time,  niuongsl  a  group  of  «tnn  called  ltu>  aaOMtiA 
tion  of  CBpricum,  or  the  Gnat;  aud  tlic  line  y  y  iii  Uw  UgUR,  diM' 
round  tbp  earth  si  the  distaaue  of  "i'i^"  ftv>m  the  loiilli  pole,  ii  caUtd  I 
anions  IF  eimle. 

If  ■  line  t!p\K  now  drawn  round  the  CHith  bctwDni  llie  tKl|As 
Canoer  aiid  Opricum,  it  will  form  the  ecliptic  or  appareat  path  of  1 
Bon  throughout  our  year.  The  ediptio  in,  thercfun:,  indiwid  U  1 
equutui  at  un  angle  of  2Si°. 


3t>.   To  murk  nut  thi-  diiniiles  upou  tlie  eitrlli,  ita'siir&OB 
diviilud  tom  five  xones  or  bullti.     The  {loriiiiii  Ijiiig  lietwe 
tiie  tropics  of  Cuncer  and   Capricorn    ia   c&lled  the  ton 
snnt,  or  hot  lone ;  for  here  the  sun,  Bhining  nltntwt  | 
dit^ulKrly  upon  llio  eari.li,  will,  in  general,  cnuee 
lo  be  verji   warm.     Tlie   por^un  in   the   imritittm    I 
sphere  lying  betwpon  ihu  tropic  of  Cancer  and  the  i 
circle  is  called  the  norlh  tanperatt  ton* ;    and  Uw   C 
•ponding  portion  in  the  soullivm  hcmtspliero,  Ivins  brlwoc 
tht!  tropic  of   C'Hprii'urn  aud  the  autiiretlc  cinJe,  the  i 
temperalt   sone.      Tlie   aarface    within    the    arctic   circle   • 
called  the  north  frigid  zom,  and  that  within 
(Hrclc,  the  vmift   frigid  sunt ;    beuiusi:,  frotn   the  •Imtlii 
4lir>^ction  with  wliivli  the  suu's  ntyii  in«ut  ihu  tturface  of  ll 
narlh  at  ibeae  regions,  ibey  arc  touod  to  be,  in  geneiui,  ver 
cold- 
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:t  U  obvious  tliBl  the  only  placet  on  Ihn  earth  to  which  the  nuu 
■  be  vitfttcnl  arc  tboMi  lyitig  within  the  torriil  lonc ;  nud  Hat  to  tUl 
»  UuEre  can  be  but  liltle  variatian  in  ibc  tength  of  the  dnyi- 
williia  the  IH^d  »utia  the  nui  will  shiiin  fur  a  certain  ntnis 
(  day*  without  witiug,  and  for  a  corrifapoadiiig  uuiiibcT  of  dftyti  ho  will 
pear  abonlhu  hoiuon. 

.   Tbe  «1eTaliuii  uf  llie  polar  star  U  equal  to  tlic  liilitudQ 
0  place. 

W  unilbkltlid  Mr,  Ir^t  tu  Buppcne  that  we  are  at  the  equator ;  ihm 
ir  will  tw  ill  CHIT  buiizon.  being  90°  from  our  iniM,  m  the 
iw  hmulii.  Now  mippoee  we  trarel  I"  on  a  meridian  line,  <ir 
Clly  towBidn  the  north  pole,  then  the  polar  scar  will  appear  elcvatnt 
T  bomnii ;  by  ImvcUiag  2",  the  polar  star  will  mppear  cIb- 
id  1"  t  half  way  between  the  equator  and  the  pole,  oui  distanee  trom 
w  will  be  ('i°,  and  then  tlte  polar  ntar  will  appear  to  ui  elevated 
HD  on.  ThUd  it  \a  that  the  elevation  of  the  polar  eiar  giTBE  ua 
Jc  at  the  place.  I)y  tluii  means  navigaton  sailing  on  an  ex- 
it td  ocean  cnu  tliid  the  latitude  of  tbe  place  where  [bey  ore. 

itKASrREMENT    OF    TOE    EARTH. 

10.   The  Mmc  couiw  of  ratsoning   will  show  how  a  degrrc  on  tht 

'»  ta^at  )■  meoeuled.    At  tjoiulon,  the  elcvattoa  of  the  pular  «tar 

' '  ~  I  now  if  we  travel  due  tuirth  until  we  Qnd  its  deration  to 

loU  hare  trarolletl  over  1",  or  the  3flOth  part  of  the  earth'* 

Rifimieei  and  If  this  diitnnev  be  acnuntely  menmted,  ii  will  1« 

lolie  ahout  eSl  milw.  wMch  ]»  eon(ui|n.iitly  the  length  of  a  d.-- 

Tl«r  whole  eircumffTwice  of  the  earth  will  therefore  be  about  3fiO 

mills,  ot,  in  round  numbers,  25,00(1  mils. 

,  hoWfVCT,  be  ol»iTT«l,  that  the  earth  is  not  an  arot*  sphiai^  tot 
I  finind  that  the  length  of  a  drgrve  mcuuntd  toward*  the 
IB  it  grrktn  than  it  ut  at  the  eijuator ;  thereby  showing  that  the  earth 
la  Sattrniod  at  the  polm,  bo  tlint  tbe  diaineter  puning  through  the 
kr  ■  rimit  IS  mila  ^mter  (bun  thu  diuuiutur  passing  through  the 


■0.  Bvidc*  duo  ffptnitlng  rouliun  uf  the  «ardi  upon  lu  axisi 
6  ball]  tliat  it  vauvva  round  th«  eun  in  the  pouno  oT  a 
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year,  in  a  path,  or  ariif.  nhirh  is  nearly  drciilnr  Tlui  ■ 
nunl  ittotion,  combined  with  Ihc  unohnnging  dtrection,  or  yi 
aSeliim,  o(  llm  earth's  uxih.  Is  tli<--  cause  of  the  s< 


JjO.  die  tnnaU  glnbe  be  carried  rcmnd  a  rauidlc  (vannA  with  «  fl 
iihade  nbmii  die  nunc!  drm  rw  the  glnbtO  «t  tliu  tame  timu  Ihut  ft  *  b 
■liamlbg  upon  its  ima:  then  ve  «hid1  hove  n  tolitntdy  nitnvt  cxMalit 
irf  ihc  twofold  motion  of  the  auth.  Tin.,  La  diurnal  at  Jiuljr  mutiaa  i 
Its  axifi.  and  its  luinMaJ  motian  nund  llie  nin.  The  pnlli  fn  «Mdi  t 
globe  is  moved  vill  repmcnt  the  orbit  of  the  eartl).  and  a  Iprd  or  *r 
nnfnre  grang  tbrou^h  this  paih  will  reprewnt  (ha  plane  of  tli*  (mfl 
orUt.  Again,  liM  •lur  little  globe  be  earned  nnuid  the  candle,  with  I 
lula  perpendicular  or  upright  la  the  plane  of  the  orbit ;  tbisi  K  vilt  I 
tceii  that  the  rirdc  on  the  globe  sepsratiDg  the  light  and  itai^  f 
thi<7ugb  the  piit<?!i  throughout  the  whole  rcTolution  :  ihif  pOBtkn  Of  tl 
«xii.  thercfnn;,  wOl  not  ntrniint  (or  the  changes  of  the  tetuona. 

Ld  the  globe  bo  now  carried  round  th«  camlln  with  tliooxliKni 
indinpd  to  the  plnne.  or  rortiicc  of  the  table,  at  the  aamo  angle;  than,! 
every  pomtion  of  the  globe,  It  will  be  seen  thm  the  a^ia  alwaja  U 
the  >uune  dirctlion,  ot  that  It  is  «!»  ays  jaidlcl  ((.  itwif. 


I*t  the  globe  have  the  ponlian  >  in  the  liouni,  whcir  t' 
uliiieil  lowardii  the  nun.  m  that  a  rod  ontcndt^l  ftrini  ' ' 
MMiitg  the  mm,  shall  be  pnrpniihfular  t"  the  tr. 
thm,  an  tluf  light  vriU  extend  o«r  ^0"  tmrj  wst  tr 
whieh  wparai'M  thit  li^ht  anil  tiimU'  will  pa»  »)ij'^ 
~ti  {xile;  auil  Ihervfort,  diuing  the  re 
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STS 


I  wliot*  of  tlto  mtUi  frigid  Jona  wilt  be  cnlightcncil,  antl  on  the 

7.  ihe  trbole  uf  Uie  Hiutli  ftigid  lonewLlI  be  in  darknsM.     In 

u  ItluiRTale  till*,  lujiiiiu  a  linli;  ily  were  [ilaced  iiiun  lliu  Mdic 

1  thti)U|thQut  a  whule  retaluium  the  creuluie  will  not  have 

til  Uie  %h(  iif  the  i:tinJlc ;  uid  011  the  contrary,  let  the  cn»- 

M<1  upiiD  tliG  Eoitarctiv  circle  ;  llicn,  throughout  a  whole  levo- 

D  It  will  not  have  oome  withia  the  light  at  nil.    It  will  oImi  be  teen 

.ilatis  in  the  Dortbom  hcmiiipheTe  will  be  longci  in  the  citde  of 

n  in  tlic  circhj  of  Uackuu^;  uii)  on  the  eontraiy,  ail  jjacei  in 

icm  honixphcTc  will  be  tuiigei  in  the  ciiclo  of  darkness  thait  in 

t*  ot  light ;  that  a,  in  the  former  hemiii)hii^  the  diiy,  an  in  out 

«r,  will  ciiwd  twvlvc  hourn ;  uhilst  in  the  latter  hcmiepher^  the 

II  be  b^  ihun  twelve  hDUD.     \Vher«u,  exactly  on  the  equatiff, 

(:<  iJu7*  »;!]  not  iJler  in  Uieii  length.     This  poaitiun  of  the  globe  cta- 

..-i^aul3^  ui  our  midsunmiec,  or  2 1  si  of  Juno. 

Onuiantly  ketping  the  axin  poijiting  in  the  aame  direction,  let  tha 

:••<<■  I*  brought  to  the  poalion  b  of  the  figure,  where  (he  niis  ndthcr 

-ulin™  to  thesim  uut  from  the  sun;  now  the  hght  will  full  pctpendic- 

.Ijiljroa  the  fliuator;  the  circle  tepomting  the  light  and  ahode  will  ptu* 

i::^iugh  Iho  [wlca,  and  thereibrc  the  days  and  nights  will  be  equal  all 

'  -r  the  gk>bc:.    Thii  puitiaa  coneapanda  to  out  aulumnaJ  t^uiiuii,  iha 

.'J.l  at  SqitanlxT,  or  to  that  time  in  aucumn  when  the  length  of  the 

:  jht  njitnli  the  lenfjth  of  the  day.     Still  keeping  the  axia  ptnnling  in 

-      '<:L\tIon,  let  the  globe  be  now  bniught  to  the  pndtion  g,  where 

I"  incline*  away  from  the  »un.    Here  the  rewrie  of  what  WM 

r  lie  fint  powlion  e  will  now  tolie  plaee.    Tbe  sun  will  thine 

I  iiIt  orei  the  tiopie  of  Cnprieum.  and  the  southern  heini- 

un'«  light  and  heat  than  the  northern. 

b  pBMhinn  wirreiiiinndB  tn  niir  midwinter,  tbe  21st  of  Dccembci,  and 

IT  days  will  tie  at  thiir  shorliel. 

le  qlobo  now  be  bnni^hl  to  the  pmilion  d  of  tho  S^irc ;  ttuti, 

n,  the  axil  netthrr  iiivliiiing  to  the  nut  nor  fmm  the  smi.  Ilu> 

d  DightB  will  be  aqual.  «i  at  the  ■utuntnal  niuinox.    This  ]u*i> 

ir  tprinj  ("/•iio'if ,  tliD  2(nb  of  Mureh. 

n  the  i^labe  Is  brought  to  the  pontion  e,  it  hu  made  a  complete 

B  teUt.  and  th«  period  ixinwpond*  to  otir  natural  year,  a 

ma»,  iH  minutes,  and  £1  teeonds.    Partieulur  attention 

a  ti)  the  eiream^nonee  llutt  the  axts  of  il«  globei  through- 

un,  hai  maiitiiiiurj  it!  IHiraUelinB, 

h  thus  perfoTtiu  a  nutulutun  iu  it*  orHt,  the  «un 

lake  a  nuipLeIc  n-vuhitioa  in  the  hivrmui.  ilicnugb 

a  the  xdiae  ot  belt  of  stan*.     Tilu^  ui  uut 

o  nil)  win  be  ntforvd  to  the  sign  C  or  cwniit*|]ntiiMi  uf 
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CiinetT  j  in  out  xulumnii)  cquinoi,  to  tlie  laga  of  Llhn,  dr£1  iD  d 
midwinUT,  to  tht  sigo  oT  Capncomus,  or  Vf !  iuid  >»  our  raiiol  nrfOiW 
Id  the  ngn  of  AritH,  m  (p. 

32.  Thus  the  rhangos  of  the  KOBiian*,  a;  well  lu  the  B]]p!unit  anniH 
motian  of  the  sun,  are  perfectly  explsiutd  Ijy  "iljiposinj;  tbp  tvifti  ' 
move  round  the  sun.  But  whf,  it  taaj  be  luliedi  (li>  wt;,  in  iHipiiidlld 
to  the  lint  iinpTC«ion  of  our  «cnMG,  believe  IhM  the  caitii  in(it«>,  liiXn 
nf  the  sun  ?  JiiM  liir  the  same  renFxm  that  we  inbv  tliil  ihr  aTvoni 
diurnal  revolution  of  the  (un  round  the  tanh  in  prnducuitl  \ij  ttw  Btftl 
rounian  nT  the  outh  on  iik  siis  in  every  twmty-finii  luniis. 

8S.  llio  di3tani«  iif  the  earth  from  Ilic  sun  i*  alrnul  ntnrtf-A*i>  nl 
lioiui  of  mills.  In  nrdo  tn  fonii  oorne  mnccpilan  of  ihii  imtunMC  dk 
Xaiioe,  lei  us  suppmc  a  bndy  to  move  from  the  enrth  In  tlie  tun  wttfl  l) 
spcvil  of  one  of  our  nulwoy  canu^fra,  (SO  mills  ]i<t  hiiuri)  thcu  It  nu] 
Ulie  about  USD  ycois  to  arrive  at  the  sun. 


THE   WK>*i. 

34.  The  Jiam^lcr  of  the  moon  is  aboal  2000  milfiE,  o 
about  one  fourth  llie  diameter  of  the  ennh:  she  pirfnratf 
revolution  round  the  eATlh  in  37  dayi,  7  hours,  l.H  miiiuto^  i 
an  orbit  whose  radius  is  about,  2*10,1)00  miUv.  or  nbutil  C 
times  tJie  earth's  rivlius.  The  moon  alwaja  prt'actild  ill 
siinie  face  to  ub;  lienc«  ll  fullovcs  timt  she  tnusi  turn  rotn»I  0 
her  axis  in  the  same  time  tImt  she  revolves  round  llie  eoithi 

Mril-NTAIXfl   AN1>   CAVITIEH    ON   THE  MOOST. 

S5.  When  the  moon  is  viewed  througli  a  leltucope,  mrioi 
spniB.  of  iliffi^rent  decrees  of  briglilneaj  and'  depth  of  «bai1 
Hit>  obtRrveil  on  her  surfaee.  The  darkest  portions  an  cajw 
\>y  ilecp  euvilie^  and  valleyx  ;  those  of  n  ligbuir  sbodu  bj  ll 
hViiuIoWs  vf  high  tnnnatains ;  and  thi;  brightest  HpoU  Uit  ll 
illuminated  tops  of  the  mauntuins,  which  look  Uko  Iba  mu 
of  voleanors. 

llir  hcigbtiof  mnu;  of  thi*  mountain*  nn  the  ni-  ' 
taUtl  rruni  the  Icugthi  uf  the  shaifewt  irluoli  tbi')  < 
ihrin  u«  about  twn  nuloi  faigk    T1ii>  iiitcRi  hm  ii"  '  ' 

ll  tliilWatiims  of  1111  itmusphcN  Ucn  uUovnL     i;   imman'^'n 
bobla  lh«t  Uring  bciugi,  nicb  m  wu  an.  can  (auil  lbai»   • 
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•  Eul  of  Kfum,  wlin  hw  rcccnlJy  eompleci^  anotlirr  lpl»c»pp,  tlis 
■  miuii*,  aUadod.  U  h  lalo  mcotiiig  in  London,  tn  its  efli.vu- 
i  ilut.  wiUi  rapccl  to  ihc  moon,  cvcTy  ot^cct  on  its  sui&ce  «f  100 
t  Mgla  WW  now  distinctly  to  be  ti'ni  i  mid  hi^  lind  no  iluiil.l, 
k  wuIct  Tcry  lavorBlIu  cucuni«t«iicu.  ll  nouiil  be  to  wllli  objf cte  tlQ  feut  itt 
^-Idht.  Oil  its  tuifwe  verr  cnivn  oT  utinci  vulisnora.  mcki.  vid 
:  I :  ^tt*  of  ttuno,  almoin  Innuniinnble.  llioc  vere  no  ugn>  ol  babitatimi* 
■it>'h  M  iiim :  no  Tcaiig»  of  archiUvtutE  remain  to  «how  Ibat  the  innnn 
■■  ur  rva  wMt  jahaiiltEii  bf  a  race  of  morliils  aimilor  to  uutMrlvc*.  It 
pmeutod  no  ajiiirarantR  which  could  tend  to  tho  suppoiition  tliat  it  con- 
tabiod  on;  thing  hkc  giivu  tlcld&  iiid  ihc  luvdy  rcrdurc  uf  thu  Ixautiful 
WotM  of  oun.    'IliiXL'  WW  no  water  viNble  —  not  a  wa  ol  a  rivcl :  all 
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^^E  i&.  Likt!  tilt'  ■uii  uikI  I'luiietK  tlie  muun,  iu  consequence  of 
^^B''  nvolutioD  munil  ihe  etmh.  lias  an  a^ipurent  iDolion  from 
weal  lo  east  among  ttie  slars  of'  the  Eodiac.  Her  motion 
iriiong  ihc  B(ar§  is  so  rnpid  thai  it  may  be  readily  pei-ceived 
Ira  frw  hours'  observation  an  any  moonlight  night.  As  itl- 
r'-iulj''  Binlvfl.  slie  makes  it  eoiiipleie  revolution  in  the  tieavtins 
a  jt7  day,  7  liour*,  4^  miniilet* ;  that  is  to  iay,  bIio  takes  tltia 
I  In  pwiKing  from  a  Mtftr  lo  rulnmin);  lo  the  sanie  star  again : 
I  if  eaiieii  hvt  periodical  mniith  :  but  the  lime  from  new 
In  nrvt  wtnin  again  ii>  ralliea  longi^r  than  tlii^  in  conso- 
r  ol'  Uiu  luution  of  tlie  eurtb  in  its  orbii.  Tlie  lime  be- 
N^M)  every  new  moon  is  29  JayB,  12  boor^  44  minutes:  this 
I  called  ttie  tj/noilical  month. 

ll8<Fig.  Idirepmmttlvnin;  £  the  earth;  A  Baportof  ittoiliit: 
K<*Ut  of  theniuun  round  the  uunh  i  M  herpudlion  at  iiew  moan, 
b  in  ■  linn  diaKfi  from  the  tonh  to  the  mm.  Now,  jf  the  outh 
had  Da  iDDtinn.  Ihn  moon  nould  muTe  round  in  her  orbit  stid  reliim  to 
the  pa«tinu  U  in  a  pcriadia  tnoniii ;  but  while  the  moon  in  ilaniUnft  a 
rrril  1:11:1,  t)u-  canli  will  ha*B  tnoTcd  ova  about  the  twelfib  part  at  Ita 
t<  <  f.  The  monn  will  thm  be  at  n,  whrrc  »  a  i> 
.  I'ld  >hc  [nii«  thcTirforc  ninvc  nvcT  nil  ndditLa.al 
1  .•■[ant  the  niiiu*  aKoin  in  the  linr  •  S  Joimiin  the 
I  i.i*  oililitlnnal  giortlnn,  being  about  ibr  twelfth  part 
ti.aU  ■rtwiont  the  tiiui?  of  the  ajuodicul  n.'Voluliua  tu 
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exceed  the  periodical  hy  rather  more  than  two  dty*.    Tliii  !■  wdl  ilha- 
tratcd  bj  the  relative  motious  of  the  bour  and  minute  hands  of  a  witck : 


Fig.  IS.    Periodical  and  Bynodical  Month. 

at  12  o'clock  ihc  handa  tao  tocher,  but  befnrc  they  can  come  toftetha 
again  the  niinutp  hand  miL^t  move  over  a  whole  revolution  and  ralha 
more  than  the  twelfth  pert  of  another  one. 


THE   MOON  3   PHASES. 

37.  The  Pim  always  enlijiliiens  one  Imlf  of  the  moon  j  but 
as  her  ei  i  light  en  eil  ltemisj>hpic  is  nlways  dii'cclcd  towards  the 
fiiiii.  sill'  prcsciils  (lifli'FKnt  phases  of  ilium  in  at  ion  to  us  ha  t>lie 
movM  iti  lier  orbit.  Sometimos  we  Fee  llie  whole  of  her  en- 
li^'hteneil  disk,  sometimes  oLily  a  small  portion  of  it,  and  at 


oilie 


It  all. 


Irfpl  E  reprcsoit  the  earth;  (poe  Fig.  16;)  S  tbcmin:  and  a,b,  c,  rf,  e, 
/,  y,  A  the  niiBju  iu  dilTcrrnt  jMirts  of  her  orbit,  hnvinR  her  Cfilighlmed 
hc'inii-iiliiTe  always  turned  towanis  the  sun.  The  little  circlet:  out>ide 
of  thp  line  repretcntiiig  the  moon's  orbit  ghoa'  the  moon'B  faces  at  the 
rcsiicctive  poaitiuns.  aa  accu  by  nn  obscntr  on  the  earth. 

SVhcn  the  moon  is  at  a.  in  a  hne  n-ith  the  earth  and  the  nm,  the  dork 
face  of  the  moon  is  turned  towords  the  oarth  ;  the  moon  ia  then  ut  ha 
cliiinfre,  or  the  is  called  nea  noon.  She  is  also  at  this  time  in  con/tmctum 
with  the  sun.  ^ 

At  A  a  rannll  portion  of  her  enlightened  hemisphire  ii  turned  towards 
the  earth,  and  she  then  apjKws  htmni. 

At  c  one  half  of  her  enlightened  hemisphoe  ii  turned  towirdi  the 
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earth,  and  she  then  appeaxs  as  htUf  moon.    This  takes  place  at  the  end 
of  her  first  quarter,  or  at  her  quadratures. 

At  d  about  three  quarters  of  her  enlightened  hemisphere  is  visible  to 
us,  and  she  is  then  said  to  be  ffibbous. 


€ 


C 


Fiff,  16.    The  Moon's  Phases. 


At  e,  when  she  has  completed  one  half  of  her  revolution,  the  whole 
of  her  enlightened  hemisphere  is  visible  to  us,  and  Hhc  is  then  full  moon. 
In  this  position  she  is  suid  to  be  in  ojtpositr.n  to  the  sim.  If  the  plane 
of  the  moon*8  orbit  had  exactly  coincided  yriih  that  of  the  earth's,  she 
would  have  been  invisible  to  us  at  this  period,  for,  in  this  cose,  the  earth 
would  have  obstructed  the  sun's  light ;  but  it  so  happens,  that  she  is 
mostly  either  above  or  below  the  line  connecting  the  earth  and  the  sun, 
and  hence  it  is  that  we  usually  see  the  whole  of  her  enlightened  face. 
This  will  be  better  understood  when  we  come  to  consider  the  subject  of 
eclipses. 

At  /  she  is  gibbous,  at  y  half  moon,  at  A  homed,  and  at  a  she  again 
booomes  invisible. 


ECLIPSES. 

38.  An  eclipse  of  the  sun  is  called  a  solar  eclipse,  and  that 
of  the  moon  a  lunar  eclipse.  When  the  moon  comes  between 
the  earth  and  the  sun,  his  light  is  obstructed,  and  an  eclipse 
of  the  sun  is  produced ;  and  an  eclipse  of  the  moon  takes 
place  when  the  earth  is  between  the  sun  and  the  moon.  Hence 
it  is  that  eclipses  of  the  moon  can  only  occur  at  her  fuU^  or 


lehrn  shr  if  tn  oppoitlian,  uii  J  ei-lip?(ts  of  tlie  euu  at  Uer  obnngpi 
or  when  she  is  in  coiijuuctluii  i  moivover,  the  three  bodlu  mit: 
be  It),  or  nuttrly  in,  the  aime  eirni^lit  line. 

Now.  if  the  moon's  olbit  f/trr  In  Ihr  siunr  jiUne  a»  (he  erltpUr  or  jM 
□f  the  eonh.  iheii  the  >un  would  be  cvlljncd  at  irrciy  new  moon,  oimI  tl 
moon  wnuld  bt  eeUpiied  at  every  full  luonn.  But  u  her  oibit  !■  a  Utt 
inclmed  to  tho  earrh's,  she  is  mostly  nthfi  uhovc  the  ecUptio  ni  Udnw 
when  she  u  in  oppotdlkm  and  conjunction.  The  points  where  tlMmooc 
ortat  outi  tht  plane  of  tlie  ecliptic  an  called  the  luxiM  i  hcnco  U  fbllot 
that  eoliiian  can  only  take  place  when  the  moon  happcnc  to  b*  in  < 
near  one  of  the  nodes  at  the  momunt  she  is  in  oppastian  or  cunjunctia 
la  the  couiM  of  a  ycnr  there  mty  be  aexax  cclipno  of  tlu  nui  at 
n  —  five  of  the  sun  und  two  of  the  noun,  or  fiuur  of  the  «ni  an 
three  of  the  moon.  I.unnr  and  tolar  ecUpsa  differ  Tiay  maeti  fin 
li  other  ill  certain  ro^irts :  a  lunar  edipra  may  be  Mm  M  ttw  mt 
J  all  pcTKini  to  whom  Uie  moon  ii  visible,  wbcrtwi  a  wUr  seU)i 
n  by  one  jierBon  und  not  by  another ;  ngnin.  on  tcliisc  of  ll 
jB  never  luat  more  thin  tiRht  minute-,  whmu  on  ecUpae  of  tl 
■qucntly  umtinuifi  fur  more  than  twu  huunu 

89.  Sriipte  of  the  moon.  —  If  the  whole  disk  or  faca  o 
\hv  moon  is  iminersid  in  I  lie  shadow  ciist  hy  tho  earth,  Uici 
the  cirli[iHe  is  said  lo  he  totnl ;  and  the  I'ulifise  It  snid  U> 
partial  whon  oritj'  a  [lai't  uf  the  (lisle  \»  uhacurciL 


Fig,  17.    Total  Eclipse  of  Uu  H 


In  Fig.  IT  a  tntn!  o'UpK  of  iLe  moon  it  shown ;  $  rtnirianiM  die  Mnil 
G  r  the  earth  j  A  B  the  moon's  orbit  round  the  mth  :  B  «  V  the  ti 
shadow  east  by  the  earth  ;  M  tbo  dark  body  of  (Iw  mm  XMSXf  i( 
tneraed  in  this  shadow, 
ii  always  obsirved  tl 


of  them 


>',  Ihln  pi 


<s  that  Ih*  ivrth  i-  n  iil'ibd,  lur  noV 


body  but  a  globe  will  atwiiTo  cast  a  cinnilar  (hiuli'ir.    Ttiki-  an  iiraapal 

and  hold  it  on  a  IituI  with  !)>«•  flsmf  of  a  candle  i  utwrra  tbc  tbMb< 

whieh  i*  ra«  upMi  u  shix-t  at  pajuT  h«ld  at  diAmM  distanualnm  ll 
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40.  EeUpie  of  (he  sun.  —  A  total  eclipse  of  the  sun  takes 
place  at  tliat  part  of  the  earth's  surface  which  is  immersed 
in  the  moon's  shadow. 

Fig.  18  repreKnts  a  total  eclipse  of  the  sun ;  wliere  S  represents  the 
lun ;  B  e  the  earth ;  A  B  the  moon's  orbit ;  M  the  moon  exactly  in  a 


._. :::::■•" - ^'^JM^^,. 

"—•^ ■ViS;6J*^%*:V^ 

■^•■-... «,  -  ^;*  l*cr-= 


s 


-'■■:-v»:^ 


Fiff.  18.    Total  Eclipse  of  the  Sun. 

line  between  the  sun  and  the  earth ;  c  n  a  o  the  moon's  shadow  cai<t 
upon  a  small  portion  of  the  earth  at  a  o ;  this  dark  tdiudow  is  culled  the 
vmbra.  The  sui  will  appear  totally  eclipsed' to  persons  livuig  within  a  o  ; 
but  to  persons  living  i^ithout  this  portion,  that  Ls,  iKlwccn  a  o  and  E  e, 
the  sun  iK-iU  be  visible.  Between  a  o  and  6  r  the  sun  will  1)e  ])artijdly 
obscured:  this  portion  of  the  shadow  is  culled  the  penumbra,  because  it 
is  not  so  dark  as  the  umbra,  or  the  portion  in  the  fiill  shadow. 

Within  the  umbra,  therefore,  a  total  eclipse  takes  place ; 
whereas  within  the  penumbra  the  sun  is  only  i)ariially  eciip<ed. 

41.  Annular  eclipge.  —  If  the  coni(*aI  shadow  of  tin*  m(M)n 
does  not  reach  the  earth,  then  an  annuittr  ecUpse  will  take 


.     -.VV  vA., 

^  ■       :■'■■ 


Fig.  19.    Annular  Eclipse. 


place  to  all  persons  immediately  below  the  vertex  of  tlie 
moon's  shadow ;  that  is,  the  moon  will  apptfar  like  a  black  s])ut 
upon  the  sun,  surrounded  by  a  ring  of  liglit 

Here  the  Tertex  of  the  moon's  conical  shadow  docs  not  reach  the  earth 
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at  a  ;  ao  that  a  spectator  at  a  i^iU  see  the  nuxm  like  a  dark  spot  nearly 
covering  the  sun's  disk. 


THE   SUN  AND  PLANETS. 

42.  Having  described  the  motions  of  the  earth  and  the 
moon,  we  shall  now  treat  of  the  sun,  with  the  other  bodies 
composing  the  solar  system. 

43.  The  planets  are  opaque  bodies ;  that  is  to  say,  tliej  do 
not  emit  any  liglit  of  tiieir  own,  but  merely  shine  witii  the 
light  borrowed  from  the  sun.  This  is  proved  by  means  of  the 
telescope,  which  shows  tliat  they  present  faces  similar  to  the 
moon's,  having  their  enlightened  sides  always  turned  towards 
the  sun. 

44.  The  planets  are  divided  into  inferior  and  superior: 
tho.<e  which  revolve  within  the  earth's  orbit  are  called  inferinr 
planets^  and  those  which  revolve  without  it  are  called  superior 
planets.  Thus  Mercury  and  Venus  are  interior  planets,  and 
Mars,  Jupiter,  Saturn,  Uranus,  and  Neptune,  together  with 
the  Asteroids,  are  superior  planets.     (See  Fig.  3.) 


APPARENT    MOTIONS    AND    APPEARANCES    OF    THE    PLANETS 

EXPLAINED. 

45.  Viewed  from  the  sun,  as  the  great  centre  of  the  solar 
system,  the  planets  would  appear  to  move  round  him  in  regu- 
lar order  and  progression.  But  the  case  is  very  difterent 
when  we  view  their  motions  from  the  earth,  which  also  moves 
round  the  sun;  at  one  time  they  appear  to  have  n progressive 
or  direct  motion,  that  is,  from  west  to  east ;  then  they  ap- 
pear sfafioiiary^  or  without  any  apparent  motion  ;  and  at  other 
times  they  appear  to  have  a  retrograde  moticm.  that  is,  from 
east  to  west.  They  are  sometimes  in  conjiinrtiim  with  the 
sun.  and  then  they  are  gr*nerally  lost  in  his  superior  light  ; 
and  some  of  them  (the  superior  planets)  appear  in  opj>osiiion 
to  the  sun,  that  is,  in  the  opposite  point  of  the  heaveu& 
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In  order  to  fimn  t.  familiar  idea  of  thcsG  motiona,  conceive  yourself 
placed  in  the  centre  of  a  horac  ring  ;  the  horse,  as  he  moves  round  you, 
will  appear  to  move  in  a  regular  and  progressive  manner  :  now,  conceive 
yourself  to  he  placed  without  the  ring ;  then  the  motion  of  the  horse  ap- 
pears no  longer  regular :  at  one  time  he  appears  to  move  say  from  right 
to  left,  then  for  a  moment  he  appears  as  if  he  were  stationary,  and  after- 
wards he  appears  to  move  from  left  to  right,  and  in  two  points  of  his 
path  he  appears  in  conjunction,  or,  as  it  were,  in  the  same  place  M'ith 
the  man  in  the  centre  of  the  ring.  These  apparent  motions  of  the  horse 
give  a  true  representation  of  the  apparent  motions  of  the  two  inferior 
planets,  Mercury  and  Venus. 

46.  Opposition  and  conjunction  of  the  planets,  —  That 
Mercury  and  Venus  are  inferior  phiiiets  is  prov<»d  by  tlif  ir 
crossing  the  sun's  disk  like  a  black  spot,  thereby  sliowing  that 
they  must  revolve  between  us  and  tlie  sun  ;  wliereas  Mars 
and  the  other  superior  planets  never  do  so.  Moreover,  Mer- 
cury and  Venus  never  appear  in  opposition ;  whereas  Mars 
and  the  other  superior  planets  a])pear  in  o])position  as  well  as 
in  conjunction. 

In  Fig.  20  let  S  represent  the  sun ;  E  the  earth ;  V  an  inferior  planet ; 
and  M  a  superior  one.     At  m  and  r  both  planets  appear  in  conjimction 


Fiff.  20.     Conjunction  and  Opporation. 


to  a  spectator  on  the  earth,  hut  at  M  and  V  the  superior  planet  M  is  in 
cppoKtiODa  while  the  inferiur  plunct  V  is  in  oiii\junction ;  and  at  this 
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position  it  will  sometiincs  appear  like  a  Uack  spot  croBsing  the  son's 
disk  :  thiH  is  called  the  transit  of  Venus,  or  Mercury*  as  the  case  may 
be :  thufs  while  the  svx^crior  planets  never  cross  the  sun's  disk,  the  infe- 
rior ones  never  appear  in  opposition. 

47.  Apparent  motions  of  Venva,  —  We  shall  now  illustrate  the  cause 
of  the  apparent  motions  and  phases  of  the  planets  by  a  refierence  to  the 
planet  Venus. 


Fig,  21.     Apparent  Motions  of  Venus. 


In  Fig.  21,  let  S  represent  the  sun ;  E  the  earth  \  ah  cd  efg  h  the 
different  positions  of  Venus  in  her  orbit;  E  a  6  and  E  ^/tangent  hncR 
drawn  fn)m  the  eartli  to  the  orbit  of  Venus.  From  a  to  6,  the  planet 
Venus  ap|x?ur8  statiottary,  that  is,  for  a  time  she  neither  appears  to 
move  towards  the  west  nor  towards  the  east ;  in  this  position  she  has 
attained  her  greatest  westerly  distance,  or  ehfiffotion,  from  the  sun. 
From  A  to  /  her  motion  is  direct^  that  is,  she  appears  to  move  amongst 
the  stars  from  west  to  east.  From/to^she  is  again  stationary;  and 
from  y  to  a  her  motion  is  retrogradct  that  is,  she  apjiears  to  move  from 
east  to  west.  At  A,  in  a  line  with  the  earth  and  sun,  a  transit  tiikcs 
place.  Tlius,  in  making  an  a])].iarcnt  revolution  from  a  roimd  the  sun, 
she  is  first  statiomu^',  then  she  lias  a  direct  motion,  next  stationarr,  and, 
finally,  she  has  a  retrograde  motion. 

48.  Phiuivft  of  Vmns,  —  Between  h  and  o,  (see  Fig.  21,)  her  cnhght- 
ened  hemisphere  appears  to  us  like  a  homed  moon ;  at  a  and  b  she  pre- 
sents the  appearance  of  a  half  moon ;  at  c,  gibbous  ;  and  at  d,fuU  moon  ; 


ihia  if  Vciiiie  linj  thime  with  her  own  lifc-huAa 
■  irvd  p>Tfwtl}i  miuiil  to  III. 
.11V13  liar.  —  When  Vuniu  njiprBii  to  thanxrt 
.1  il  iti  A,  (kcc  Pig.  21,}  »liv  ii  thf  troiiiig  alu. 
ii>  wcfURi  iiky  at  aunset;  ami  on  tlip  MmtriU7. 
I  nef  of  the  sav,  tjial  Li,  ftuiu  A  lu  </,  she  shines 


ttr^Kinre  aizs  and  appbahancr  of  xnn  planets, 

.  Tfc*  foUiiwing  diagram  cihibit>  ihc  eompnmlivi!  Nile  luid  a])pear- 
K  uf  the  [HUu.'ipal  plimcU  ia  llii-  wLir  syiti^in. 


Fig.n. 


»  Hxe  Inrgait  of   ill  the  phinrtt;   hit  dimnetcr  is  aboQi   1 1 

£unctrT  ot  thenuihi  ^turo, Nrptuoe*  aodWIriuiuBare  nrat 

ui^ituili-i  thp  Edith  ukI  Vcuus  ore  nfaaut  the  samo  bLm; 

uf  Man  i«  only  abuut  one  tiolf  tlie  diameter  of  Ihc  orth : 

;   i'   n}'""t  ime  thinl  smalttr  than  Man.    The  A^lemSiIa 

'  i-tii  in  this  diiiKraml  ar*  vrry  emnll  Imlin,  tha 

i:  miiTv  than  2(10  niilwi  in  diameter.    The  dinin- 

i    110  liUKn  llir  diuiiM^T  nf  the  earth,  uid  liU 

:iF<r  {hui  thui  iif  all  the  planMn  put  ingpther. 

im  rltu  •!  /lii'  uf  the  m-Tcimpimyini!  diaginm,  he  n-ould  have 

gloLc  of  obout  a  bot  it 

33 
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TADULAR   VIEW   OF  TIIB    BOLAR  STSTKU. 
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.51.  The  8i:n  U  ncarlj  &  million  and  n  hulf  limes  the  bulk 
of  our  oarti),  is  tlie  great  source  of  light  and  lii<at  lo  all  the 
pianists,  and  by  thii  attraction  whicli  he  exerts  retains  lliem  in 
their  orbits.  Tiie  leIe8C0|ie  xhowg  that  tliere  are  dark  spots 
upon  his  surface,  and  by  obserring  them,  astronoinr'ni  li.iTe 
ascertained  that  be  revolves  on  his  axis  erery  2o  days,  in  the 
same  direction  as  the  planets  move  round  bim,  that  is,  from 
west  to  east. 

52.  The  planet  Mebcurt  mores  round  the  eun  in  about  88 
days,  at  the  distance  ot  about  37,000,000  of  miles,  and  re- 
volves ou  lii:)^xis  in  24  hours  5  minutes.  The  length  of  his 
day  wilt,  therefore,  be  rather  more  than  ours,  and  the  duration 
of  his  year  about  one  fourth  of  our  year.  The  apparent  mo- 
lions  of  Mercury  are  similar  to  those  of  Venus. 

53.  Ven  l-9.  Of  all  the  stars,  this  is  the  brightest  and  most 
beautiful.  Her  distanee  from  the  sun  is  about  three  fourths 
of  the  earth's  distance,  and  she  receives  nearly  double  the  light 
and  heat  from  the  sun.  She  completes  her  revolution  round 
the  sun  in  about  225  days,  and  performs  a  rotation  in  23  liours 
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intniil<«,  on  nn  nxis  inclined  to  tlie  p\anc  of  b<^r  ortiil  al  ao 
I  of  l!>'.     Thu  ieiigtii  o>'  hw  day  Lt  OKurly  ilie  ^unifi  at 
t,  aail  Uie  incUuatiun  of  lier  axifl  shovrs  ihat  bIu-  has  sun- 
She  is  Burroiiiidt-d  b;  a  largu  aliDoiipIiere,  uai 
;  irregular! lies  observed  on  thi;  edge  ol'  Iier  crescent, 
i  been  inferred  Uint  sLe  luu  enonnous  mountiiins  iipou 
i,  proLiibly  nrncli  larger  tlian  any  on  our  eiulJi. 

■  Uaks  u  a  small  pinnet  About  1^  limex  the  earth's  di»- 
>  from  tibe  sun  ;  he  takes  &l>0Qt  Iwo  of  our  yeurs  in  ro- 
;  nmncl  ibe  nun ;  and  llie  Icnglli  of  his  duj-s  is  tibout 
e  as  our^.  The  inclination  of  hia  axis  to  the  plane  of 
it  shows  that  he  li&a  seasons  siiniUu-  to  tlio«e  which  lake 
e  enrtli.  He  is  eurrounded  by  an  atmosphere,  and 
;1j'-  outline  of  eontineutu  and  seas  mitj  lie  distinctly  traccil  by 
.'iuifi  of  a  telescope,  Tlie  red,  liery  eolor  of  hi*  light  issnp- 
I  "-I'd  to  bo  produced  hj  ihe  orhrey  tinge  of  his  eoil,  like  that 
■■■  iMcIt  red  sandstone  might  produce.  Bright  white  spots  an 
1  <  n  about  th«  pole^s,  which  are  no  doubt  occasioned  by  the 
fi'Soclion  of  die  sun's  light  from  the  polar  snows  and  ice  upon 

||ibnel ;  for  it  is  observed  that  as  each  pole  is  turned  towards 
Ban,  tbc  bright  spots  about  it  beeonie  less,  owing  to  the 
ingot  the  inuw  by  the  .«un's  heat. 
i.  Tlie  AsTEttotDS  are  a  series  of  very  email  bodies,  mi 
id  beouiee  ihpy  have  more  resemblance  to  fixed  stars  than 
to  pbui^t*.     Thfir  niimtier,  &=  far  as  M  pitscnt  ascertained,  is 
1  riT-fiMU-.     Thuy  rtfvolve  uround  the  sim  in  varying  orbits, 
—fidine  through  a  zone  of  almut  I'Ml.COO.OlM)  of  miles  io 
■        n..  '<•  nri>il<^  nr..  varion-ly  inclin.-d  to  the  plnn<-  ef  Uic 
I  Mr.  Ii>itwt'<-n  thoxc  of  Mnr^  mid  Ju|Ti[,-r.     Tltese 
:iim-h  smulliT  tlian  the  planeii:.  lUv  Mnallent  being 
,i<i«  and  the  largc«it  nut  mon<  than  Vtf)  tnilcs  In  dl- 
'i'heir  distance  from  thi-  sun  viirir«  from  20u,(IU(l,000 
WJMM  of  tuileis  and  they  periunu  their  revolutioiiB 
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round  it  in  periods  of  from  3  to  5  J  years.  They  have  all  been 
discovered  during  the  present  century,  and  all,  except  five, 
within  the  past  10  or  12  years.  The  foUbwing  are  their 
names  and  the  year  of  tlujir  discovery :  — 

Ceres,  1801  ;  PaUas,  1802;  Juno,  1804;  Vesta,  1807;  As- 
trea,  1845 ;  Hebe,  Iris,  and  Flora,  1847  ;  Metis,  1848 ;  Hygeia, 
1849 ;  Parthenope,  Clio,  and  Egeria,  1850 ;  Ii*ene  and  Eu- 
nomia,  1851 ;  Psyche,  Thetis,  Melpomene,  Fortuna,  Massilia, 
Lutetia,  Calliope,  and  Thalia,  1852 ;  Themis,  Phocea,  Pro- 
serpina, and  Euterpe,  1853  ;  Bellona,  Amphitrite,  Urania,  Eu- 
plirosyne,  Pomona,  and  Polymuia,  1854 ;  Circe,  Leucothea, 
Fides,  and  Atalunta,  1855;  Leda,  Lsctitia,  Ilarraouia,  Daphne, 
and  Isis,  185G  ;  Ariadne  and  another,  as  yet  unnamed,  1857. 

5C).  JrriTKR.  Tills  is  the  largest  of  the  jilanets.  He  takes 
about  twelve  years  to  complete  his  revolution  round  the  sun, 
and  turns  upon  his  axis  in  about  ten  hours.  This  rapid  rota- 
tion has  caused  him  to  be  much  flatt(;ncd  at  the  poles. 

Tlie  di>k  of  Juj)itcr  is  ahvays  found  to  be  crossed  with 
dark  parallel  bands  or  belts  with  spots,  as  shown  in  Fig.  22. 
Although  these  belts  vary  both  in  breadth  and  situation,  yet 
they  always  run  parallel  to  the  equator  of  the  planet ;  tliis 
ap])earance  of  the  planet  is  supposed  to  depend  upon  its  at- 
m()<[)here. 

Tiiis  magnificent  i>lanet  has  four  moons,  which  constantly 
r<'V()lv(»  about  him  from  west  to  east,  and  accompany  him  in 
his  path  round  th(?  sun.  Tluis  the  satellites  of  Jupiter  consti- 
tute a  miniature  >ystem,  to  which  their  primary  is  the  centre, 
in  all  r('s[»''cts  similar  to  the  solar  system,  of  which  their  cen- 
tral body  itself  is  only  a  member. 

Three  of  Juj)itcr's  satellites  are  totally  eclipsed  at  every 
revolution,  by  the  great  shadow  which  he  casts  froin  the  sun. 
These  eclij)ses  are  of  great  use  in  finding  the  longitude  of 
places  upon  the  earth. 
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57.  Velocity  of  Light.  —  The  eclipses  of  Jupiter's  satellites 
liave  enabled  astronomers  to  determine  the  velocity  of  light. 
When  Jupiter  is  in  opposition  we  are  much  nearer  to  him  than 
when  he  is  in  conjunction  ;  owing  to  this  ditTerence  of  distance 
we  see  the  eclipses  of  his  satellites  10^  minutes  sooner  in.  the 
one  position  than  we  do  in  the  other. 

Let  S  represent  the  sun,  (see  Fig.  23 ;)  J  Jupiter ;  M  the  satellite 
eclipsed  by  the  great  conical  shadow  of  the  planet ;  £  the  position  of  the 


r.kfi^,-  \~-^.i 


Fig,  23.    Eclipse  of  Jupiter's  SatcUitcs. 

earth  when  Jupiter  is  in  or  nearly  in  oppoKition ;  and  e  the  pofdtion  of  the 
earth  when  he  is  in  coTijuiiction ;  then  the  distance  lx?twccn  E  «;  is  equal 
to,  or  nearly  equal  to,  the  ('.ianiitcr  of  the  earth's  orbit.  Now,  the 
eclipse  seen  from  t  t:iki*s  jhio-  8|  niinuti.^  Uiorc*  tlic  calculated  time, 
wluTeas  when  it  L^  sv.l'ii  fi-om  <•  it  takes  place  8  \  minutes  later  than  the 
calculated  or  true  iLmc;  consequently  the  light  takes  16|^  minutes  to 
travel  frrun  E  to  « ;  that  is,  light  take*  IC^  minutei  in  tracersing  ttu 
diameter  of  the  eariKe  orbit. 

58.  Saturn.  Saturn's  year  is  29^  times  the  length  of  our 
year,  and  the  length  of  his  day  is  about  10^  hours.  His  dis- 
,  tance  from  the  sun  is  about  0^  times  that  of  the  earth.  The 
diameter  at  his  equator  is  about  ^*j  greater  than  the  diiuneter 
at  his  |>oles.  Like  the  eailh,  his  axis  is  inclined  to  the  plane 
of  his  orbit,  and  therefore  he  must  have  seasons.  Saturn  has 
eight  satellites,  seven  of  which  had  been  known  for  sixty  years 
before  the  eighth  satellite  was  discovered.  He  is  distinguished 
by  having  a  thin  broad  ring  surrounding  his  e<|uator,  tis  shown 
in  Fig.  22.  This  ring  is  concluded  to  l>e  opaque,  be(!ause  it 
casts  a  shallow  on  the  surface  of  the  planet ;  it  is  sepanited  by 
different  inter\'als  so  that  it  is  really  a  series  of  rings  concen- 
tric with  the  planet ;  its  whole  breadth  is  27,000  miles,  and 
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its  thickness  docs  not  exceed  100  miles.  The  space  between 
the  inner  side  of  the  ring  and  the  planet  is  19,000  miles.  The 
different  parts  of  the  ring  revolve  round  Saturn  in  periods 
depending  on  their  respective  distances  from  him ;  the  outer- 
most ring  revolves  in  about  10^  hours.  Saturn  has  dark  belts, 
like  Jupiter,  but  rather  broader  and  less  strongly  marked ; 
the  cause  of  these  belts  is  no  doubt  atmospheric,  as  in  the  case 
of  the  belts  of  Jupiter. 

59.  Uranus.  This  planet  completes  his  revolution  round 
the  sun  in  rather  more  than  eighty-four  years  ;  his  mean  dis- 
tance from  the  sun  is  about  nineteen  times  tliat  of  the  earth. 
The  discoverer  of  Uranus,  Sir  W.  Ilerschcl,  believed  that 
this  planet  had  six  moons  ;  but  only  four  have  been  obser^'cd 
by  other  astronomers.  The  motion  of  these  satellites  round 
their  primary  is  from  east  to  west,  which  is  an  exception  to 
the  law  observed  by  the  satellites  of  Jupiter,  Saturn,  and  the 
Earth. 

60.  Neitune.  Neptune,  the  most  remote  planet  at  pres- 
ent known  in  the  solar  system,  completes  his  revolution  round 
the  sun  in  about  1 GG  years,  at  about  thirty  times  the  distance 
of  the  eiirlh  from  the  sun.  One  satellite  luis  already  been 
observed,  revolving  round  the  i)lanet  at  the  distance  of  about 
twelve  of  its  radii.  This  jilanet  was  discovered  in  18  Us  and 
it^  existence  wju-*  determined  by  calculations,  based  ui)on  the 
law  of  gravitation,  before  it  had  been  recognized  as  a  plim- 
etary  body  by  observation.  This  may  be  regarded  as  one  of 
the  greatest  achievements  of  mathematical  science. 

COMETS. 

61.  Upwards  of  130  comets  have  been  observed  at  different 
times,  but  only  three  have  been  identified  as  having  been  seen 
before.     The  comet  which  wjis  seen  in  1835,  called   Hallev's 

*    revolves  round  the  sun  in  about  seventy-six   years. 
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Their  orbits  are  ellipses  or  ovals  -^o  very  flat  or  eccentric, 
thai  the  comets  are  invisible  to  us  tor  the  greater  part  of  their 
revolutions  round  the  sun. 

Comets  are  not  solid  like  the  planets ;  they  merely  consist 
of  a  mass  of  vapor,  the  ceutnd  portion  of  which  is  called  the 
nucleus^  or  head,  being  more  dense  than  the  rest.  Somctim(\s 
this  vapor  extends  to  a  great  distance  in  the  form  of  a  tail, 
which  is  always  in  a  direction  contrary  to  the  sun. 

THE    PLANETS    MOVE    IN    ELLIPSES. 

62.  The  true  path  of  the  planets  round  the  sun  are  ellipses  or  ovals, 
diifering  in  gentTal  but  little  from  circles,  of  which  the  sun  occui)ics  what 
is  calltd  the  focus. 

Thas  in  Fig.  24,  E  represents  the  earth ;  E  D  A  its  elliptical  orbit 
round  the  sun ;  S  the  sun  in  the  focus  of  the  ellipse. 


Fig.  24.     Elliptical  Orl.it. 

Kepler  discovered  the  elliptical  motion  «)f  the  planets,  with  other  im- 
portant facts  by  ohtervation,  and  Newton  showed,  by  mathematical  anal- 
ysis, that  this  peculiar  form  of  their  orbits  d.qwnds  ujxm  a  certain  law  of 
the  attractive  force  residing  m  the  sun,  called  the  law  of  <i;ravitation. 


A\Tien  the  earth  is  nearest  the  sun,  ju!  at  /?,  it  is  said  to  be 
in  its  perihelion  :  and  when  the  earth  is  farthest  from  the  sun, 
as  at  a,  it  is  said  to  be  in  its  ophdion.  The  motion  of  the 
earth  in  its  orbit  is  <}uickest  when  it  is  nearest  the  sun,  or  in 
its  perihelion,  and  slowest  when  it  is  farthest  from  the  sun,  or 
in  its  aphelion.  IL?nce  it  is  that  the  time  betwet^n  our  vernal 
and  autumnal  cfpiinuxes  is  about  eight  days  longer  than  the 
time  between  our  autumnal  and  vernal  equinoxes ;  thereby 
caiuing  the  summer  in  the  northern  hemisphere  to  be  a  little 
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longer  than  the  winter.  The  earth  is  about  three  millioas  of 
miles  nearer  to  the  sun  in  winter  than  it  is  i 
this  be  the  case,  it  may  be  aaked,  Why  u  our  ai 
wanner  than  our  winttT?  It'  we  are  nearer  to  the  sun  in 
winter  than  we  are  in  Buminer,  why  should  it  not  be  warmer 
in  winter,  rather  than  colder?  It  is  quite  true  that  this 
would  be  the  case,  were  it  nut  for  other  causes,  which  far  more 
than  counterbalance  the  very  small  deficiency  of  temperature 
arising  t'rum  this  difference  of  distance  from  the  sun.  These 
Cflusea  have  been  briefly  and  incidentally  explained  in  Art.  30, 
but  it  may  be  instructive  to  bring  them  here  before  the  stu- 
dent iu  a  distinct  form. 

ffeal  of  Summer. 

The  days  in  our  summer  months  being  very  much  longer 
than  they  are  in  our  winter  months,  we  muut  manifestly  re- 
ceive much  more  heat  from  the  sun  during  the  former  period 
than  we  do  during  the  latter. 

In  our  summer  ilie  sun  rises  to  a  much  greater  height  above 
the  horizon  that)  he  does  during  our  winter,  and  consequently 
lie  not  only  continues  longer  aljove  the  horizon,  but  his  rays, 
coming  more  perpendicularly,  strike  in  greater  numbers  upon 
any  given  portion  of  the  etu^h's  surfiice. 

Let  A  B  repreMitts  portioDof  the  eerth'sBuriace,  upon  which  the  ra^ 
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of  the  son,  A  B  G  E,  fiill  perpendicularly ;  and  let  A  C  be  an  equal  por- 
tion of  the  earth's  surface,  upon  which  the  rays  of  the  sun,  A  C  F  E,  fall 
obliquely,  or  in  a  slanting  direction.  Now,  although  the  surfaces  A  B 
and  A  C  arc  equal,  yet  it  is  plain  that  a  much  greater  number  of  ra}*s 
must  fall  on  A  B  than  upon  A  C  :  the  ravi  of  light  and  heat  fulhng 
upon  A  B  are  included  by  the  space  A  B  G  E,  whereas  those  which  fall 
on  A  0  are  included  by  the  space  A  D  F  E  :  in  fact  the  heat  which 
ftUs  upon  the  small  portion  A  D  is  spread  out  over  A  C. 

GRAVITATION. 

63.  When  a  body  moves  in  a  curved  line,  such  as  the  path 
of  the  earth  round  the  sun,  it  must  be  under  the  action  of  two 
forces,  one  an  im[)ulsive  force,  or  force  of  proj(?ction,  the  other 
a  constantly  acting  force,  such  as  the  attraction  of  gravitation. 

We  have  a  familiar  instance  of  this  when  a  stone  is  projected  oblique- 
ly upwards  Irom  the  top  of  a  high  tcM  er  ;  tlic  stone  moves  in  a  curve, 
called  a  parabola,  in  consequence  of  the  motion  of  projection  and  the  at- 
traction of  the  eartli.  Now,  as  we  increii^e  the  force  of  projection,  the 
stone  will  be  longer  before  it  reaches  the  earth's  surface  ;  indeed,  it  Ls  not 
difficidt  to  conceive  the  force  of  i^rojcctioii  to  Ixx'ome  so  great  that  the 
stone  shall  not  return  to  the  earth's  suilaje  at  all,  but  shall  move  round 
the  earth  like  a  little  satellite  similar  to  the  m(x)n. 

The  earth  and  all  the  other  planet»«  had  at  first  a  motion  of  projection 
given  to  them  ;  and  this  motion  would  have  carried  them  away  into  in- 
finite space,  had  :t  not  been  for  the  Fim*s  attraction.  If  the  attractive 
force  of  the  sun  were  to  cease,  the  earth  at  E  (see  Fig.  24)  would  fly  off 
from  its  orUt  in  the  tangent  line  E  K  ;  and  on  the  contrary-,  if  the  motion 
of  projection  were  stoi)j)ed,  the  earth  would  be  drawn  in  towards  the 
sun  ;  but  the  two  f(»rces  of  projection  and  gravitatioji  arc  so  nicely  ad- 
justed, that  the  earth  continually  moves  round  its  ^cat  centre  of  attrac- 
tion, in  an  elliptical  orbit,  constantly  returning  at  evcrj'  revolution  (at 
least  virtually)  to  the  point  from  which  it  started.  This  law  of  graWta- 
tion,*  which  holds  true  "with  respect  to  the  sun  and  the  planets,  also 
^Ids  true  with  respect  to  the  motion  of  tlic  satellites  round  their  rer^pec- 
tivc  primaries. 

♦  According  to  the  law  of  gravitation,  (1.)  All  bodies  attract  one  an- 
other with  forces  proportional  to  the  masses  of  matter  which  they  contain ; 
(2.)  The  force  of  attraction  decreases  as  the  squares  of  the  distances 
increase. 
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ATMOSPHERIC  REFRACTION. 

64.  The  atmosphere  which  surrounds  the  earth  is  of  varia- 
ble density ;  that  is,  the  higher  we  ascend  the  rarer  it  becomes. 
It  maj  therefore  be  considered  as  consisting  of  a  series  of  strata 
or  layers  K  G  I  M,  G  D  F  I,  D  A  C  F,  &C.,  (see  Fig.  26,) 
of  decreasing  density.  Now,  air,  as  well  as  all  transparent 
substances,  possesses  the  power  of  refracting  the  rays  of  light, 
or  bending  them  out  of  their  straight  course ;  thus  the  rays  of 
light  proceeding  from  a  star,  or  any  heavenly  body,  become 
bent  more  and  more  downwards  as  they  pass  through  the  at- 
mosphere, and  the  star  is  seen,  not  in  the  direction  in  which  it 
actually  lies,  but  in  the  direction  which  these  rays  have  at  the 
instant  of  arriving  at  the  eye  of  an  observer :  the  effect  of  this 
is,  to  cause  the  star  to  appear  higher  in  the  heavens  than  it 
really  is. 

In  Fig.  26,  let  S  represent  a  star  beyond  the  limits  of  the  atmosphere 
K  A  C  M  ;  S  B  m  the  straight  course  of  a  ray  of  light  proceediug  from 


Fig,  26.    Refraction. 

the  Ptar.  In  passing  through  the  layer  of  atmosphere  A  C  F  D,  the  ray 
8  B  I**  bent  down  into  the  direction  B  E ;  now,  if  the  next  layer  I)  F I  (J 
were  of  the  same  density  as  A  C  F  I>.  the  ray  B  E  would  proceed  in  the 
straight  line  B  E  n ;  but  as  the  former  is  denser  than  the  latter,  the  lay 
is  bent  down  into  the  direction  £  H ;  and  soon  through  every  nioooKre 
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nrrtl!  !!«■  ray  mmc  to  lliopjoof  Ihiob-iTviT,     A«  theniyoriit{!it 

dmrnwunla.  the  (traU  of  UI  bctvnu.'  moii>  and,  more  di'ilM.-.  vrM(']| 

llic  nj  la  tmiiiiw  num  nad  tnocc  biaii  in  iB  parage :  hinin:  it  ic 

of  Uie  re&nctcd  ray  Ihmugh  ihu  atnioiapbiic  U  that  of  n 

whldi  beomuia  more  and  mare  coacaye  »  it  ippitiudiis  the  cnrtlt, 

*bown  in  Fig  'i7     whaeM  fslheliuoinousobjeut:  M  a  thu  Mnu)^ 


fig  JT     Atmospheric  Rcfrnrlion. 


iin^llAndf  the  rays  nf  light,  which,  meeting  the  atina<Iihcm;  at  a.  are  bj 
:>-{iMtko  bent  into  the  cuirea  A;  A  m  is  The  dttet^im  which  the  re- 
i-.u^vA  ni;  hna  whin  it  orriTis  nt  (he  eye  of  the  oltscrveT  nt  A :  nnd  A  m 
M  itur  iliniclioa  tn  which  the  ttai  will  be  («en  :  thua  the  refiiLclion  of 
llw  atmiiqiheiv  causca  iis  to  w?  the  faeHTenly  bodia  apparently  higher 
■bare  the  faoiiBm  thui  they  ore  in  nvliiy.  The  body  JI  may  actually 
ht  ijcnaOh  the  korizun,  and  yd  bo  Tiulile  lo  n  prason  at  A. 

Tlie  almosplieric  refraciion  utevaies  the  apparent  position 
of  lite  hi-arenly  Ivodjps  mo»C  when  tliey  are  near  ihe  horiiion  ; 
and  at  ihn  xcniih  il  does  not  affect  their  position  at  all. 

OVAI.    FORM   OP   THE   SCS   AKO  HOOK  KKAB  THE   HORIZO^T. 

fi-l.  Tliia  remnrknble  appearance  is  occasioned  by  atmos- 
plirric  refraction.  The  upper  half  of  the  ann  or  luoou's  disk, 
lu  tlm  i-a^e  nuty  be,  being  less  raised  by  refraction  ihaii  iho 
lower  half,  causes  the  vertical  diameter  of  the  diak  to  be  \it6- 
sentd,  mhile  tho  horiiootal  dhunetcr  remains  unchanged ; 
h«nc«  tfao  diak  iipi)«iira  of  an  oval  tdmpe. 


TWaiOHT. 

I  T*'U'S'>^  '*  ^"'l  ^^'  wliieh  wo  utijoy  for  about  an  himr 
•foro  tlie  Buu  Iuih  appcarud  above  tho  hurizoQ,Bnd 
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for  about  Ihe  i^amc  time  after  he  liaa  set.  This  beantifnl  U« 
of  nature  is  caused  by  tlie  rejleelion  of  the  sun's  light  from  the 
higher  regions  of  tlie  atmosphere.  Soiae  time  before  we  have 
any  dircLt  transmission  of  light  from  the  sun,  his  beams  illu* 
minate  the  higlier  portions  of  the  atmosphere,  and  then  this 
illuminated  portion  transmits  light  to  us. 

In  Fig.  23,  let  G  A  G  rcpccsent  the  earth ;  G  K  C  iT  E  a  portton  of 
its  atmosphere;  A  the  phicc  of  nn  observer ;  A  R  his  hohion ;  ind  S 
the  sun  considenblybebw  the  bohtoii,aiid  of  counc  invisible  to  apattu 


:^ 


Fig.  28.    Cause  of  Twilight. 


at  A.  Now,  that  portion  of  the  atmoBphorc  represented  by  C  B  E  n  will 
he  UluniinBtpd  by  the  aiui,  while  A  C  K  G  will  be  in  comparative  dnrk- 
neie ;  and  the  illuniinDtnl  purtion  C  B  I>  H'ill  lie  vinble  to  a  pcrsuii  at  k, 
aiid  the  liflht  pracerdiiig  from  it  will  ocroijon  hit  twilight.  The  duratiim 
of  twilight  viirics  uiih  the  latitude  and  the  boneon  of  the  ycai.  At  l)iu 
equator  the  dura^n  of  twilight  is  olwaj-s  bhurt,  whnvaa  at  the  pates  it 
luHta  for  ujiwardH  of  I'uur  munth.4.  Twill<-ht  begiiia  in  the  ninmlnji, 
and  ends  in  the  evening,  when  the  mn  ia  about  eighteen  degrees  bis 
low  the  horizon. 

TIIE  TIDES. 

(i7.  Tlic  allemale  flowing  and  ebbing  of  the  sea  ia  called 
the  tides.  They  are  proJucfd  by  tlie  attraction  of  the  suu 
and  the  moon  upon  tlie  wators  of  the  ocean,  but  chiefly  by 
tliK  attraction  of  the  moon  ;  for  ae  she  ia  much  nearer  to  the 
eartli  thitn  the  sun,  her  attractive  force  upon  the  waters  is 
considerably  greater  than  that  of  the  sun's. 

For  a  little  more  tban  six  hours,  the  sea,  in  certain  places, 
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boftllj'  Nwi-JU  anil  then  flows  inio  harbors  nnd  the  moultis 
a  b  <;»Uik1  Jiiiod  tide.     At  lliv  end  vf  tliis  ttma 

■  ocean  ha«  aiiaiiipil  its  greste^t  heighi ;  this  is  tallied  fiigh 
lealtr.  ITip  waiere  then  begin  to  elA  or  Ihll,  whicU  they  con- 
':ntin  t»  do  for  a  UliIq  more  tlmn  six  hours,  unUl  tliej'  arriTe 
i:  Ibeir  Inwtut,  level;  lliia  is  called  ttno  leatfr.     Tlius  the  wa- 

[  -  of  iLe  ocean,  ilay  aAi^r  day,  ulternaliily  swell  atid  full  in  a 

nil!  mure  llum  stx  hours;  ao  (hal  lii)j[li  water  takes  place 
:  I'.  \>ai  iu  Kwry  24  huui*^  ^U  minutes,  this  liclng  llie  time  which 

'  uiuon  takes  in  pa^siu^  from  tlie  mt-ridian  of  a  pbcc,  to 
.'  riirning  to  the  aamn  meridian  nguln.     If  the  moon  wt-re 

■itiowuy,  tlie  iiitervid  ticlwecn  high  water  of  one  day  aiid 
I'l^-hwater  the  next  wouli]  he  exnctiy  24  hntirs;  for  the  same 
[litit  of  the  earth  would  reUirn  to  the  moon's  meridiaa  iu  UiiB 
iiinr^;  hut  while  Ibe  earth  is  perlbrming  a  rovolutiuu  on  it« 
uxii>  th(!  miwti  ndvuRces  about  13°  in  her  orhit,  so  tliut  it  lakes 
tlie  earth  utioiil  5U  minutes  more  to  bring  the  same  place  o{>- 
punilt:  to,  or  on  the  Kamc  meridian  ivilli,  thi^  niuun. 

08.  In  exphuuiug  the  cause  of  the  tides,  we  ebaU  first 
■|v(iJt  of  (he  moon'«  attraction  alone.     If  the  earlh  were  an 

i.:int  sphero  covered  with  water,  and  if  there  were  iio  exier- 
::.il  utimction  cxeneil  upon  it,  the  water  would  nrrunge  itself 

[lilbnnly  over  the  surface,  forming  a  cuating  like  the  rind  of 

D  orange  :  but  when  the  earih  is  hrou(rhi  under  the  influenc* 
>  attractive  body,  like  the  moon,  this  uniformiiy  in  lb« 
piution  of  the  water  no  longer  soliFisis. 

EbFtg.  £0,lct  B  irpramt  llw  conh  suiroimiln]  hy  ytta-.  U  the 
'  <i  nun  1  tlint.inncelh^  m'mii'H  nTU-nctuiD  U  greauet  upon 
K  mIjCcCb  whiuh  tie  nrarral  tu  her,  the  wnivr  hi  a.  directly  Lolow  Iha 
t,  will  bo  mere  ittrsi'lHl  by  ha  ihaii  ihe  wntcr  which  lies  fArther 
IP  it  I«  [itiiln  thut  th«  water  at  a,  bcnealli  the  lonon,  muit  be 
Mwn  litli  or.  «•  it  van.  hrapid  up  i  dhw,  as  the  enrtli  remlvcs  an  its 
'~n,  wii''WiT*  ititra  at  lis  •nrfwv  nnwi  pa*  unihr  thf  moan,  nnd  ihon 
putt  wHI  hurt-  Ugh  water  in  rr^dftr  euprhIuh.  Uui  lor  a  stmUar  ns- 
mti  ihae  will  alw  be  high  water  at  e  on  the  njiiinkin!  dda  of  the  «Btb  | 
fca  the  watis  at  v  miut  be  lea  dniirn  inward  ihv  nnan  than  ihv  wam 
||ta>rf,aCMljpDCtiibotvUDO  audi,  oie  imdJ,-  hcuM  ittiUuw*  Uutt 
84 
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Fig.  20.     Spring  Tide  at  New  Moon. 

the  water  must  be  heai)od  up  towards  c.    At  h  and  d  there  will  be  low 
water. 

It  will  now  be  readily  seen  why  we  have  twice  high  wat^  and  twice 
low  water  in  the  coiursc  of  every  24  hours  50  minutes.* 

69.  "We  have  hitherto  regarded  the  attraction  of  the  moon 
alone  as  the  cause  of  the  tides ;  but  this  is  not  strictly  true, 
for  the  sun's  attraction  very  much  affects  the  magnitude  of 
the  tides. 

The  largest  tides  take  place  when  tlie  moon  is  at  her  change, 
or  at  her  full  moon  ;  for  in  both  these  cases  the  attractive 
forces  of  the  sun  and  moon  combine  in  raising  the  waters ; 
these  are  called  spring  tides.  On  the  contrary,  the  lowest 
tides  take  place  when  the  moon  is  at  the  beginning  of  her 
second  and  fourth  quarters,  that  is  to  say,  when  she  is  half 
moon  ;  for  tli(?n  the  attractive  forces  of  the  sun  and  moon  act 
so  as  to  diminish  each  other's  effect ;  these  are  called  neap 
tides. 

Fig.  29  represents  the  spn'nff  tide  at  new  moon.  Here  the  attractive 
forc«s  of  the  sun  and  moon  obviously  cooperate  in  raising  the  watcre  of 
the  ocean  at  a  and  c. 


*  It  must  be  observed  that  the  tide  is  not  at  its  highest  when  directly  under 
the  moon,  but  about  two  hours  later ;  for  since  the  full  effect  of  the  moon's 
attraction  on  the  waters  is  not  instantaneous,  high  water  will  not  take  place 
until  the  moon  has  passed  the  meridian :  in  the  same  way,  the  hottest  part 
of  the  day  does  not  take  place  till  some  time  after  noon ;  and  also  the  month 
of  Jidy  is  always  hotter  than  the  month  of  June. 
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Fig.  30  reprogentB  the  tpring  tide  atfuU  moon  ;  where  S  represents  the 
sun,  M  the  moon  at  her  full,  and  £  the  earth.    Here  the  attractive 


Fig,  30.    Spring  Tide  at  Full  Moon. 

foroes  of  both  the  sun  and  the  moon  tend  to  draw  the  waters  away  from 
h  and  cf,  and  to  accumulate  them,  or  heap  them  up,  at  a  and  c. 

Fig.  31  represents  the  neap  tides  at  half  moon;  where  M  represents 
the  nuxm,  either  at  the  beginning  of  her  second  or  at  the  beginning  of 


Fig.  31.    Neap  Tides. 

her  fourth  quarter.  Here  the  attraction  of  the  sim  tends  to  diminish  the 
flow  of  the  waters  at  6  and  d^  and  hence  the  tides  at  these  periods  are 
smaller  than  at  any  other. 

Thus  in  the  course  of  a  lunar  month  we  have  two  spring  tides  and 
two  neap  tides. 


THE  FIXED  STARS. 

NUMBER  'op   the   FIXED    STARS. 

70.   The  number  of  the  fixed  stars  exceeds  all  computation, 
^ewed  through  a  powerful  telescope,  the  milky  way^  or  yalaxy^ 
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appear!)  liku  gn-»t  groups  of  (Mtistellutiuiw.  Dr.  Httndit 
counted  eOU  sittM  witJiiu  tlio  view  af  his  IcIcmmjih  ai  otm  tfa 
uid  in  one  poriioti  uf  tlie  mWky  way,  tin  uniniKitfJ  ilmL 
number  of  Btnrs  exceeded  a  quarter  of  a  million.  Bpt  if 
power  of  our  teleseopea  were  still  further  increased,  tl 
would  be  no  Umll  to  the  number  of  aiars  which  wv 
observe. 

DISTANCB    OP  TOE   FIXED   STARS. 

"I.  It  has  been  nscertained  ilial  the  nearer?!  of  liie  (Ixi 
stars  are  ut  ^uuh  enormous  dislanrcs  Avm  us,  that  it  wt 
take  their  Ugfal,  travdliag  at  the  rate  of  twelve  millton 
miles  ill  a  tninittc,  Bt  leaat  six  years  In  reaching  us.  Tho  *" 
of  this  may  be  illustrated  in  llie  following  Uiumer: — 

Look  Bt  two  tices  at  no  great  dUlimcc  Irom  ym.  sud  ob*em>  th*  ■] 
part^nt  distance  bctweca  thorn ;  now  change  yuiir  pootlnn,  bjr  irvlkui 
cilhor  to  (he  left  (IT  to  the  right,  and  ahecrve  that  the  *ppatvnt  diMMi 
between  the  treis  is  da-idedly  thonged ;  indeed,  you  may  MtinM  to- 
pondon  where  the  two  trees  would  appear  a*  one  or,  incm  •bcmhII 
■pcoJung,  in  the  «ame  atnughl  lino.    Dem  thtn.  wc  cani^lnde  thn  wki 
a)^t«  ue  near  to  ui.  their  apparent  ihstancis  ftom  one  anotho  mv  ^a 
much  njbcted  by  our  change  of  pofition.    A)|iiin,  pmnwling  in  tl 
anne  nuuinnr,  took  at  two  oljectf  mare  tcmotc  hoax  you ;  ihca  ymt  tril 
And  that  your  chruigo  of  padiimi  >can«iy  at  oU  aJlen  the  *p|iiiniut 
tonccs  of  the  o^jcclo,    tloe,  then,  ye  cundudc,  that  whm  uI{jmI> 
T€Tf  diBtwit  from  ua,  thar  apparent  difSanom  fitiiu  one  another  aiw  t 
little  affected  by  our  ehan^  of  pT^lion.    Now,  thi-  eartli,  «■  it  tvro 
round  the  sun,  iindi3i;oe9  a  change  uf  poritiun  tneominMl  by  the  dian 
of  lu  otbiL  or  102  tniUiuna  uf  niilcs.    Th*  earth,  thcntfiirti,  is  181  i 
Ikuucf  miliM  ueutt-T  tu  iwtain  fixolnan  at  nnif  time  than  auother:  . 
a/Awtthstonding  thia  cniinuciiui  chaiiKv  uf  pmiiion,  tlum'  ia  ■mitial}' 
difffninee  observed  in  the  uppiiri-nt  (li»tnno«a  ot  the  man  Itxm  oa« 
other.    IIow  iuiuieuBuJy  great,  tbco,  must  their  dlatancoi  lir  brna  Oi ' 

•  Aitrnnominiil  irHfnunenti  hatB  t)MTi  m-!''- ■■-"■  ■— '    -- -'  ■ 


ahwn'aliiin.    Hut  u  Only  a 


n  Uu  ililiareDt  dliUui 


A!iTtiaHOItT. 


THK   STAKS    IIAVB  MOTION. 


ni.  The  Ktmnt  liuve  a  motion  tiirou;:L  spncc  :  lliits,  for  ox- 
Ijplv,  m  snikll  *lnr  iu  (lie  i-oosU-lluliuu  of  tbo  tivfaa  Las  htica 
ppit  to  tnvi'H  aunuuLly  over  live  seceiiiU  ff  tlie  aiH:  of  llie 
Now,  according  to  Amgo,  llie  distiinco  of  this  «iar 
is  not  less  ilioii  40<>,UD'>  times  tlie  distunce  of  Uie 
b  (rom  tlie  eun :  in  order,  tlierdore,  itiiU  tliis  Mnr  slioulil 
e  aver  five  aceoiuLi  Kiiniially,  it  must  scdiully  trB>'el  menj 
»  of  miles  in  Uiia  time.  Eleiice  it  is  only  in  a  rclalivo 
e  that  we  ciui  speak  of  t)ie  tttiu's  as  liciug  tixtU :  ubsu- 
J  eonddured,  lh«re  iti  jirobably  nothing  fixed  in  ttie  uui- 


IPLR  stabs;  —  QBAVITATION    EXTENDS  TO  THE   HTABB. 

Ccrtitiii  Etars,  aliliougli  they  appear  single  to  tlie  nuked 

!   found  to  lie  double  or   irtble  aitirs  wlien  viewed 

ll  a  good  lelescope.     Stars  of  tliis  kind  are  »ery  numcr- 

I  120,000  ^tors  examined  by  M.  Struve,  one  tn  every 

3  luund  tu  be  a  multiple  star,  tlutl  is,  a  group  of  two, 

reven  four  stars :  indeed,  il  seeius  probable  thai,  were 

wcopM  sufflcicmlly  powerful,  wo  ehould  find  all  tite 

I  which  Bpprjir   single   to   the  naked   eye  to   be  retdly 

s  of  Btara. 

In  tlime  multiple  stars  one  la  always  observed  to  be 

ich  mom  lirilliant  tlian  tbc  rest.    Thi§  brilliant  star  in  eaeb 

mil  in  fn^juently  ibe  cenij-al  sun,  round  which  the  olhcn  re- 

^e,  iu  tlie  name  nuiuuer  as  the  pUnela  in  our  system  revolve 

nd  the  son.    These  multiple  star«,  therefore,  are  ^yetenu  of 

■il*  pninc*  uf  ibr  rnrtli'*  nthit  il  Ibtlotn  llwt  the  ocumt  uai*  mntt 
a  ItO.naa  timm  193  DilUumn  uf  nilln  fram  lU.  Mr.  UcoiJenim  Ut*> 
Ihal  Ihr  n.ir  c-a?li'rl  rrrt:^nri  i"  atrr-ir'l  in  ilu  sppiLrcDt  piMiiioD  liji 

' .  ..  i.  . .   L ..  ..,,.  fj,„_i[,p  iIuuiiDe of  ibU 

therniih'a  liliUncc  from 
I  Ilir  pntillu  dT  ihe  uu. 
!]iil  IU  lutv  Ktijr  |wrdlu[ 
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worlds  eimtlar  to  our  solar  Ey«timi,  lliereby  proring  Uial  OmI 
law  of  graviuttiuii,  wlikli  aiiticiHtes  anil  conirots  ihu  jflanvbi, 
bodies,  exiaU  ihroiiglxiut  tlic  rcmoii:  regions  of  iIik  f  ' 
epnee^     How  liciautitiil  ii  is  thiis  to  mark  the  unity  of  plad 
nuuiHeated  In  ibc  conRtiluibn  of  the  universe;    the  law  <  ' 
attraction  which  causes  a  stone  to  fhll  to  the  groimd,  « 
gives  the  globular  form  to  tlie  mass  of  tbe  cartb.  Mid  vrhic&fl 
guides  the  planets  in  iLcir  motion  round  tlic  sun, —  tbnt  fl 
law  blods  the  stars  to  one  another,  in  eacli  groo[i  of  mulilptol 
slurs;  and  it  may  not  be  improbable  that  ail  ilirsi-  worlds  andT 
splcms  of  worlds  which  people  Ilie  iuuui>naii_v  of  cpucQ  ■ 
but  parts  of  ont?  grand  integral  system,  whicU,  under  the  grm 
controlling  principle  of  gravitation,  are  linked  to  one  aootberJ 
as  well  as  to  one  vast  central  mass,  fixed  i 
depths  of  the  u 


Acd  biilt  it  [hcklv  (ram  it*  toiaoQ,  — 
That  law  ftettnet  the  canh  a  iplin*. 
And  guides  ihe  planet)  in  Ihoir  won*. 


THK  nmsiONS  OF  TIME.— TIIE  CALENDAtt. 

7a.  Tlifi  motions  of  iho  sun  and  moon  iiave  been  taken.  I 
oil  ages  as  the  measure  of  time.  Thr  diiimtU  motion  of  ll 
euu  is  tlie  roeasure  of  our  day  ;  his  revntulion  in  I 
gives  the  length  of  our  year  ;  aud  the  periodic  return  of  ■ 
moon  is  the  basiH  of  our  division  of  time  into  months. 

A^TItONOMICAL    AND    BlUEBKAL    DAT. 

7G,  Tlie  uttranamieal  dag  is  24  iinnrs  long ;  it  in  the  mm 
of  the  intervals  btitw«<m  tlie  noon  of  one  ilay  and  llie  Boon  «ffl 
tlic  saocecding  one. 

The  perioil  which  ihr  canh  talcs  to  revuK 
cuitiilanlly  the  name;  vix.,  S-t  bours,  Ati  iiiii< 
Thia  is  called  a  itidnrvd  ttay,  for  it  is  the  tinn' 


AsTiioxoiir. 


t  ihf  t^nrtli  tukes  i 


solving  frotB  B  fisp<!  slar  lo 


liH  aNiTvnomicn]  d»y  a  neariy  lour  niinnt^'s  longer  tliitn 
ftvUlMnfal  iluy.     'l'\tia  u  i--iium'i1  bv  the  uirth'fi  motion  in  iu 
i  for  triiile  lunuiig  ou  ita  axis,  Ibe  sun  is   appnreTitJ}' 
uidng  omongsl  the  elan,  and  hence  it  requires  the  eurtk 
g,j:tithrr  more  than  n  completo  revolutiwi  k>  bring  Uie 
u  uiul€r  liiiiit 

tCQUATIOS   OF   TIME, 

lug  to  certain  causes,*  which  need  not  at  present  be 

tainod,  the  sun  docs  not  move-  unifurinl/  omungsl  the  nlara ; 

0  we  fliiJ  thai  the  interval  between  two  guecessiva 

not  alwitys  tlie  same.     A  clock,  therefore,  which 

kei^a  line  lime  will  no4  alwayi  correiipnnij  with  (he  Ume  as 

ladicaf^d  hy  the  buh.    Tbvs,  for  eiample,  if  it  be  12  D*docV 

da;  by  a  wtUdi  Icofrping  true  time,  when  tlie  sno  h  eixnctly 

I  the  nieridian.  theu  it  will  not  Iw  cxnclly  13 

&ck  liy  lh*i  wati^h  lo-niorrow  when  the  sun  is  on  ilie  me- 

n  1  the  time  bj  the  wati-h  mny  be  n  litUe  before  or  after 

in'ideck.  according  to  the  seuMm  of  the  year.     This  difler- 

B  of  time  between  tlie  dock  and  the  sun  u  ealled  ike  equa- 

b  of  AW.     AhnKnaeks  eouluin  the  amount  of  lliis  diSer- 

i  for  every  day  of  the  year,  M  that  wp  can  alwaya  tdl 

r  mndh  bafore  or  ufter  12  o'clock  the  sun  will  be  oo  tiu 

n  on  ai>y  |iro[iosiul  day. 

SOLAK    TEAR.  —  Jri.1 


tS.  a*  Ibe  return  uf  Uie  aun  id  the  same  meridian  marks 
live  Imgth  of  the  day,  so  the  return  of  the  sun  to  the  same 
oqaioox  eivM  ibu  length  of  the  year. 


.  upon  thr  clll|)lic  Ibnn  vt  tbe  cuth'* 
c  qulukcr  alicu  in  Ibc  poilirJlou,  <B 
c  dpbcllon,  at  futbuii  trotu  llie  lun. 
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The  solar  year  conlniti!)  3G5  ilnys,  5  hours  dS  » 
Sfl.J  tluys,  6  liuuT^  iKTiirly.  Bnl  H»  llie  emnmon  ur  d\-il  fai 
CQU^Uu  of  onl/  3ti<i  (lays,  the  solar  ycir  U  aI>oui  a  qiUTKT  of 
a  day  longer  Uiiui  ihu  civil  year;  nml  thtruforn,  if  Uii» 
niirnys  conlaiiied  Slid  days,  there  would  be  an  error  of  i 
cnraniittL-il  in  tlie  course  of  every  four  years.  Now,  In  ordci 
to  correct  this  crroi*,  Julius  Cicfcar,  tlio  great  Romaii  g 
eonctcd  that  every  fourth  year  should  (.^on£i«t  of  36G  d*yi| 
this  year  is  called  leap  year,  and  the  additiotial  day  U  ailde^ 
10  the  moutli  of  l-'ciiruary,  which  tlierofon;  coQ^isls  of  29  da; 
in  leap  year.  This  mode  of  reckoning  is  called  tlic  /uii'oi 
calaidar. 

GREGOItlAN   CALENDAR. 

79.   Now.  if  the  solar  year  had  oooaiated  of  .^05  dayi,  S 
hours,  exnetly,  no  further  correction  would  bnve  beoit 
sary ;  but  this  is  about  1 1  minutes  too  mueli,  auU  ('ouMM|aentIj 
the  Julian  calendar  introduced  an  error  of  41  minut« 
4  years,  or  about  a  whole  day  in    130  year*.     This 
the  course  of  centuries  became  coosideralilo.     Thu.< 
year  1^77,  the  vernal   equinox   happened   on    tlie    llth  of 
March  in  the  place  of  the  21st.     Pope  Gregory.  In  tlie 
1582,  corrected  the  calendar  in  the  following  mnnoor: 
filh  of  Oclolii^r  was  rolled  the  I.lch,  to  correct  th< 
bad  been  eommilied  nince  the  (iuiQ  of  .lulius  Ca-ear ;  aiu 
prevent  tlie  error  happening  again,  it  Wfis  agreed  that  w 
Iburtii  year  ahould  be  leap  year,  as  in  the  Julian  calciiilart 
excepting  that  every  liundredtli  year  for  three  successive  reo- 
turieg,  eIiuiiIi]  be  common  years,  atid  the  fourth  bUAdredth 
should  be  a  leap  year.     Thus  1700,  ISOO.and  t!)00, 
mon  years,  and  2001)  is  a  leap  year.     By  thi«  miide  of  rock- 
tniinf;,  th(^  error  in  400'>  years  vrill  not  cxeeod  utie  day. 
is  called  the  Gregorian  enlaidar. 

The  Julian  calen<Iar-id  called  Mo  old  iU/ln,  and  that  of  thfl 
On-gorinn  tht  new  ilgk. 

t  Gregorian  calcudar  wan  M  oitei^  reccivi-d  by  all  Ronua 
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Catholic  countries;  but  it  was  not  adopted  in  this  country 
until  the  year  1752.  The  Russians;  and  other  members  of 
the  Greek  church,  still  adhere  to  the  old  style,  or  the  Julian 
calendar. 

MODEL  EXERCISES. 

These  questions  are  not  only  intended  to  give  an  anal- 
ysis of  the  matter  going  before,  but  also,  by  a  suggestive 
course  of  reasoning,  to  lead  the  pupil  to  reflect  and  reason 
upon  the  knowledge  which  has  b^n  communicated  to  him,  and 
even  in  some  cases  to  extend  it  ^ 


THE  STARS. 

# 

Teaser.  What  is  the  point  directly  over  our  heads  caDed  ? 

Ptqnl,   Thez^th. 

T.  What  do  you  mean  by  the  horizon  ? 

P.  That  line  all  round  us  where  the  sky  and  the  earth  appear  to  meet. 

T.   What  shape  docs  the  horizon  appear  to  have  ? 

P.  It  has  a  circular  shape,  and  bounds  our  view  on  all  sides. 

T.  What  point  in  the  heavens  is  that  which  lies  directly  below  our 
feet? 

P.  It  is  caUod  the  nadir. 

T.  What  would  our  zenith  be  to  a  person  living  on  the  opposite  side 
of  the  earth? 

P.  It  would  be  his  nadir. 

T.  If  I  cut  a  globe  (say  an  orange)  into  two  equal  parts,  what  is 
each  part  called  ? 

P.  Each  part  is  called  a  hemisphere,  or  half  sphere. 

T.  What  do  the  heavens  appear  like? 

P.   A  vast  dome,  or  concave  hemisphere. 

T.  Why  do  we  not  sec  the  stars  during  the  day? 

P.  Because  of  the  superior  light  of  the  sun. 

The  teacher  should  continue  to  give  questions  of  this  kind,  taking 
care  to  vary  their  form,  until  the  pupil  b  thoroughly  master  of  the 
subject. 

CARDINAL    POINTS. 

Teacher.  In  what  part  of  the  heavens  does  the  son  riae? 
Pf^nL  He  rises  in  the  east,  and  sets  in  the  west. 
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7*.  At  noon  the  sun  shines  exactly  upon  the  front  of  my  house ;  now 
tell  me  the  direction  of  the  front  wall  of  my  house. 
P.  It  must  lie  in  a  line  extending  from  cast  to  west. 
T.  What  would  be  the  direction  of  each  gable  in  this  case  ? 
P.  Each  gable  wall  would  lie  in  a  line  extending  ftom.  south  to  nortL 

N 


Fig.  32.    The  Cardinal  Pointa. 

T.  If  the  line  N  S  lies  north  and  south,  and  E  "W  lies  cast  and 
west,  how  do  these  lines  lie  with  respect  to  each  other  ? 

P.  They  lie  at  right  angles  to  cai^h  other ;  that  is,  W  E  is  at  right 
angles  to  N  S ;  or,  in  other  words,  W  E  is  perpendicular  to  N  S. 

T.   Descril)e  the  cardinal  points  in  a  map. 

P.  The  top  is  north,  the  bottom  south,  the  right  hand  east,  and  the 
left  hand  west. 

T.  What  will  be  the  direction  of  your  shadow  when  you  go  home 
to-night,  supposing  the  sun  to  be  shining  ? 

P.  It  will  be  cast  towards  the  cast. 

And  80  on. 

DIUUNAL    MOTION   OP  THE   HEAVENS.-  —  MAGNITUDE  OF 

THE    STARS. 

• 

Teacher.  \\Tiat  is  meant  by  the  diurnal  motion  of  the  heavens  ?       i 

Pupil.   The  daily  nrvolution  of  the  heavens  about  the  polar  star. 

T,  In  what  direction  docs  this  apparent  motion  take  place  ? 

/'.  From  east  to  west.  ( \Vhy  ? )  Because  the  stars  appear  to  rise  in' 
the  cast  and  set  in  the  west,  ^ 

T.   What  do  you  mean  by  a  l)ody  having  an  apparent  motion  ? 

P.  When  a  Ixxiy  appears  to  us  a^  if  it  moved,  without  really  doin^, 
80,  we  may  say  that  its  motion  is  only  apparent.  / 

T.  How  many  stars  may  be  seen  with  the  nak/ed  eye  ? 

P.  About  two  thousand.  t 


\ 


\ 
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r.  What  stare  are  said  to  be  of  the  first  magnitude  ? 
P.  The  largest  and  brightest. 
T,   What  stars  belong  to  the  sixth  magnitude? 
p.   Those  which  are  just  visible  to  the  naked  eye. 
Proceed  with  the  remainder  in  the  aame  manner. 

FIXED    STARS    AND    PLANETS. CONSTELLATIONS. SIGNS 

OF   THE    ZODIAC. 

Teacher,  What  arc  fixed  stars  ? 

PupiL  Those  stars  which  do  not  change  their  distances  {ram  one 
another. 

7*.   Wliat  are  those  stars  called  which  do  not  always  remain  in  the 
aame  place  ? 

P.  They  are  called  planets. 

T.  WTiich  stars  twinkle  most  ? 

P.  The  fixed  stars. 

7*.   What  do  the  planets  look  like  when  viewed  through  a  good  tel- 
escope? 

P.   They  look  like  little  luminous  bolls. 

7*.   What  is  a  contitellution  ? 

P.   A  constellation  is  a  group  of  stars. 

71   What  is  meant  by  the  two  jwinters  in  Charles's  Wain  ? 

P.  Those  two  stars  in  the  back  of  the  suppot&ed  wagon,  which  nearly 
point  towarfU  the  polar  star. 

T.   What  is  a  celestial  glolx?  ? 

P.   A  celestial  globe  rcjire^wnte  the  appearance  of  the  heavens,  with 
the  different  stars  and  constellations  marked  upon  it. 

r.  'NVhat  is  the  upper  star  in  the  pointers  called  ? 

P.  It  is  called  Dubhe. 

T.  Through  what  portion  of  the  heavens  do  the  planets  ai^pear  to 
move? 

P.  Through  a  belt  or  band  of  stars,  containing  12  constellations, 
called  the  signs  of  the  zodiac. 

T.  What  is  the  ecHptic  in  the  heavens  ? 

P.  It  is  the  apparent  annual  ^Kith  of  the  sun.    It  is  marked  out  by 
'     the  constellations  of  the  sodiac 

'         T.  Why  was  the  term  zodiac  given  to  these  constellations  ?    Can  you 
name  the  signs  of  the  zodiac  ? 
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GENRRAI.   PniSCirLr.3   iff   AilTKOSOMT. 

TImcW.  OhjecB  aypuai  to  its  to  txccnne  lc»  «id  loa  «  Ikejf  ««  w 
movHl  fruin  uk.  CiivG  anitic  latnilinr  iUuvtrocion  oT  tliis.  Oovtibe  iba 
appiHinuii^c  of  n  bollooii  ae  il  aecciutn. 

Pii/iU.  Aa  the  ImUinD  tUm  in  the  mt,  it  nppt'DTs  tu  iu  (u  become  MnnUfl 
•nd  unalkr,  until  at  Icn)^  it  gi-U  eu  far  w*uy  &t)ui  uk  w  Ui  i^jimt  *<n 
Utile  lugcT  (hail  B  fcnt  boU. 

T.  In  order,  tlicTdbn-,  to  know  tlie  mi  Riie  of  a  biKiy,  we  iiiiiM  no 
onlj  oluervc  iU  ai)parenl  naj,  but  we  mu*  aleu  hnow  iu,  rfinnm*  bnin  » 
Now,  let  there  be  two  treih  uf  iJie  mme  hiiftlit,  and  nijipiw  oaogf  Qicil 
to  ba  »t  double  ibe  distain'c  of  tlic  ntbu'  i  wiiat  would  be  thcu  appuva 
mai^tude? 

F.  The  more  distant  tree  would  upppor  only  about  bidf  the  aue  ol  tta 

T.  'WTiat  i>  the  moon  ? 

P.  A  great  globe.,  not  very  much  smolliT  than  the  Mrtli. 

T.  Why  dots  aho  BjipcM  to  Bmidl  to  iis  f 

/'.  lIccouK  alie  is  ninny  iboiisand'i  of  miln  fVran  u>. 

r.  If  o  bnllixin  were  lOmilfsftonma,  how  woiUilit  mijKW? 


I  or,  in  otlicr  mr^  i 


f.  Ilua  npiwanuice  awf  b«  p 


P,  1  thould  ray  that  we  could  not  as 
would  he  inTiiibb. 

T.  'Wbtn  a  body  appents  to  i 
in  two  ways ;  whnt  btp  they } 

P.  Finrl,  (he  uppnrmt  motion  may  bo  jimdueed  by  the  body  a 
moving  in  thu  dinttioii  in  which  we  tliiok  it  moTos ;  and  cccondlT,  i 
may  be  produiMid  by  (lur  having  a  nntion  in  a  diiBction  txntnaj  t«  Ui 
in  wbicU  the  body  ajippan  to  move. 

T,  What  liBTL-  you  tu  "ay  relattre  Id  the  appeal  an  ce  of  otjciv  wh 
70a  are  moving  in  a  milway  carriage  >  The  hcnvais  appear  tu  tn 
round  in  every  24  honnfi  how  may  Ihii  bo  eaplnncd*  What  m  t 
EhsjK'  of  the  earth  ?  In  what  time  does  it  turn  upon  iU  axia  i  Wl 
dot*  thin  motion  of  the  earth  give  rise  to  ?  • 

T.  Give  me  a  familiar  instance  of  a  body  tt 

i\  A  siunninc  top. 
T.  Where  is  the  axis  in  this  cue  ? 
P.  It  in  the  line  tonnd  wfaioh 
T.  The  earth  moves  tmmd  th 
thi*  affect  the  appearance  of  the  sun 
P.  It  K>ve>  rite  to  ihc 


appitrvnt  motion  of  ibe  nm  li 


•  Tbc  pugiil  U  auppoHd  to  auawst  tli 
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7.  What  are  the  planets }  VHiat  do  they  revolve  round  ?  What  is 
the  sun  to  them  ?  Whence  do  they  derive  their  light  and  heat  ?  What 
is  the  path  of  a  planet  round  the  sun  called  ? 


SOLAR    SYSTEM. 

Teacher.  Give  a  fiuniliar  example  of  one  body  revolving  round 
another. 

PiqnL  A  hone  revolving  round  a  man  in  the  centre  of  a  ring. 

T.  Of  what  does  the  Yolar  system  consist }  In  what  direction  do  the 
leading  planets  revolve  roimd  the  sun  ?  In  what  plane  do  the  orbits  of 
the  planets  nearly  lie  ?  In  what  direction  do  they  spin  round  on  their 
axes  ?  Name  the  planets  in  the  order  of  their  distances  ftom  the  sun. 
What  is  a  satellite  ?  How  many  primary  planets  are  there  at  present 
known  in  the  eolar  s^'jftem  }  How  manv  satellites  arc  there  ?  Mention 
the  nimiber  of  satellites  which  roKpectively  revolve  round  the  different 
planets,  &c.  • 

T.  If  I  move  this  orange  round  a  candle,  what  would  this  rudely  rep- 
resent ? 

P.  We  may  consider  the  candle  o»  the  sun,  and  the  orange  as  a  planet 
moving  round  him  in  its  orliit. 

T.  Now,  while  I  keep  the  omii£je  moNnng  round  the  candle,  suppow 
I  move  this  nut  nnind  the  oron^'o  in  such  a  maiuuT  that  the  nut  sliaU 
make  about  12  n.'^'olutiuiLs  round  the  orange  while  tlie  orungo  nmkesone 
revolution  round  the  candle  ;  what  would  tlus  nidoly  represcnt- 

J\  It  would  represent  the  motion  of  the  tarth  round  the  sun,  and  at 
the  same  time  the  motion  of  the  moon  round  the  earth. 

r.  What  are  comets  ?  Who  first  taught  correct  views  relative  to  the 
solar  system  ?  Who  was  Pythagoras  ?  Who  revived  the  system  fiiat 
taught  by  Pythagonia  ? 

THE   EARTH  AND   ITS  MOTION.  —  FORM  AND   SIZE   OF 

THE    EARTH. 

Teacher.  Who  first  sailed  round  the  world  ? 

PupiL  Magellan. 

T.  Who  first  made  the  attempt  ? 

P.  Columbus. 

71  If  the  earth  wctc  an  unbounded  flat  surface,  what  would  be  the 
oonsequence  of  a  vessel  constantly  sailing  from  any  place  ? 

P,  The  farther  the  vosbcI  sailed,  the  farther  she  would  get  away  from 
the  place. 
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7*.  But  BhipB  never  sail  in  a  direct  line  ftom  any  place ;  bow  then  can 
they  be  said  to  sail  coiuttaiitly  in  the  saine  direction  ? 

P.  Ships  may  sometimes  go  to  the  right  or  to  the  left  of  their  direct 
course,  yet  still  they  pursue  a  certain  general  direction. 

7*.  Just  in  the  same  way,  you  might  say,  that  a  Uttle  fly  may  more 
round  this  globe,*  though  the  creature  may  go  in  a  zigzag  course. 
Why  do  we  not  see  the  hull  when  a  ship  has  sailed  some  distance 
firom  us? 

P.  Because  the  roimd  part  of  the  earth's  surface  comcB  between  us 
and  the  hull. 

T,  After  the  hull  of  a  ship  has  disappeared,  what  should  you  do  to 
get  a  sight  of  it  again  ? 

P.  I  should  get  to  the  top  of  some  high  tower  or  hilL 

T.  What  is  the  shape  of  the  earth } 

P.  It  is  the  shape  of  a  ball  or  globe. 

T.  Some  boy,  I  think,  just  said  that  the  earth  is  round.  Now,  the 
upper  part  of  my  hat  is  round;  is  the  earth,  then,  the  shape  of 
my  hat  ? 

P,  Surely  not ;  the  earth  is  round  in  every  direction,  but  your  hat  is 
round  only  in  one  direction. 

T.  WTiat  fthape  docs  my  hat  now  appear  to  have  ? 

P,  A  sort  of  oblon{2;  shape. 

T,  How  do  you  know  that  the  earth  is  round  in  every  direction  ? 

/*.  BecauMc,  whcrc\'cr  we  may  be,  we  always  find  that  the  horizon  has 
a  round  shape ;  which  shows  that  the  earth  must  be  o'ery  where  xound 
to  present  this  api)carance. 

T.  What  do  you  think  that  seamen  do  when  they  want  to  observe  a 
dif<tant  suil  ? 

P.  They  climb  to  the  tcipmast. 

T.  Wliy  ? 

P.  ITiat  they  may  sec  a  greater  way  over  the  ocean. 

T,  (Moving  his  liiigcr  round  the  globe.^  What  has  my  finger  moved 
over? 

P.  The  circumference  of  that  globe. 

r.  VChaX  is  a  line  going  through  the  globe  called  ? 

P.  The  diameter. 

T.  If  the  line  only  went  to  the  centre,  what  would  it  then  be  called  r 

P.  The  radius. 

T,  ^Vhat  part  of  the  diameter  is  the  radius  ? 

♦  In  giving  these  letuions,  the  teacher  must  he  provided  with  a  small  white 
globe,  having  a  rod  pawing  through  it  to  reprcKont  the  axis  of  the  earth,  and 
having  also  all  the  essential  lines  upon  the  terrestrial  globe,  painted  in  strong 
Uack  lines. 


A8TBONOMY.  411 

P.  One  half: 

T.  Now,  in  this  globe,  every  point  on  the  surface  is  at  the  same  dis- 
tance from  the  centre.  What  have  you,  then,  to  say  rcsi)ccting  the  rudii 
of  a  globe  ? 

i'.  Ihat  they  are  all  equal  to  each  other. 

T.  How  many  times  is  the  circumference  of  a  globe  greater  than  the 
diameter? 

P.  A  little  more  than  three  times.* 

T.  If  the  length  of  a  line  stretching  from  London  to  York  be  200 
miles,  how  many  times  must  this  line  be  repeated  to  go  round  the 
earth? 

P.  About  126  times ;  because  25,000  divided  by  200  gives  125. 

r.  How  long  i»-ill  it  take  a  man  to  walk  roimd  the  earth,  supposing 
that  he  travels  25  miles  every  day  ? 

P.  About  1000  days,  or  nearly  three  years;  because  the  number  of 
miles  travelled  per  day  c=  25  miles. 


DIUBNAL   MOTION   OF  THE   EARTH.  —  LINES   UPON  THE 

GLOBE. 

Teacher.  How  much  of  the  earth's  sur£EU!C  does  the  sun  enlighten  at 
onetime? 

PupO.  One  half: 

T.  By  what  means  is  every  part  of  the  earth's  surface  brought  within 
the  light  and  heat  of  the  sun  ? 

P.  The  earth  is  made  to  turn  round  upon  its  axis  in  the  course  of 
every  day. 

T,  (Turning  a  globe  round.)  Now,  where  is  the  axis  in  this  revolving 
globe  ?    Is  there  a  real  axis,  or  only  an  imaginary  one  ? 

P.  The  axis  is  only  imaginary,  and  it  is  the  line  about  which  the 
globe  appears  to  turn. 

T,  What  have  you  now  to  say  respecting  the  axis  of  the  earth  ? 

P.  That  it  is  the  line  about  which  the  earth  appears  to  turn. 

T,  What  arc  the  poles  upon  the  earth  ? 

P.  llie  two  points  where  this  imaginary  axlo  meets  the  earth's  surfhce. 

T*.  On  what  pouit  is  my  finger  now  placed  ? 

P.  On  the  north  pole. 

T.  (Tracing  the  equator  with  his  pointer.)  What  is  this  line  called, 
and  how  is  it  placed  ^Hth  respect  to  the  poles  ? 

P.  It  is  called  the  equator,  and  lies  at  the  same  distance  fhnn  either 
of  the  poles. 

*  The  ratio  commonly  given  is  3*1416. 
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T.  How  docs  the  equator  divide  the  globe  } 

P.  Into  two  equal  parts.  One  is  called  the  northeni  hemisphere,  sad 
the  other  the  southern  hemisphere. 

T,  Upon  what  hcmisi)here  is  my  hand  now  placed  ? 

P.  The  northern  hemisphere. 

T,  Is  there  any  other  way  in  which  the  changes  of  day  and  night 
might  bo  produced  ? 

P.  Tes ;  the  sun  might  turn  round  the  earth  in  the  coune  of  a  day. 

T.  If  a  poor  woman  wanted  to  roast  a  joint  of  mutton  before  the  fire, 
what  would  she  do  in  order  to  have  every  part  equally  roasted  ? 

P.  She  would  tie  a  piece  of  string  to  the  mutton,  and  make  it  spin 
round  before  the  fire. 

r.  Is  there  any  other  way  in  which  this  might  be  done  ?   Now  think. 

P.  The  fire  might  be  mudc  to  tiun  round  the  meat. 

r.  But  which  of  these  methods  is  the  better  ? 

P.  The  first  method,  certainly ;  because  i^  must  be  far  less  trouble  to 
moke  the  meat  turn  round  before  the  fire  than  to  make  a  machine  for 
turning  the  fire  round  the  meat. 

T.  What  should  you  say  if  a  man  proposed  to  do  this  ? 

P.  That  although  he  might  show  some  ingenuity,  yet  he  would  be  a 
very  foolish  person. 

T.  Now,  it  is  equally  ridiculous  to  suppose  that  the  sun  turns  round 
the  earth.  It  is  too  monstrous  for  us  to  conceive  it  possible  that  Al- 
mighty God,  who  Ls  the  fountain  of  uU  wisdom  and  goodness,  could  efBect 
any  of  his  purpohcs  by  the  agency  of  means  which  it  would  appear  un- 
suitable, even  on  the  part  of  his  creatures,  to  employ. 


LATITUDE   AND    LONGITUDE. 

Teacher.  (Moving  his  pointer  round  the  globe.)  How  many  degrees 
have  I  moved  my  pointer  over  ? 

PupiL  3r>0<>. 

7*.  (Moving  his  pointer  fix)m  the  pole  to  the  equator.)  How  many 
degrees  have  I  now  moved  my  pointer  over  ? 

P.  90°,  or  a  quadrant. 

T,  Why? 

/'.  Because  it  w  a  quarter  of  the  whole  circumftTence,  and  the  quarter 
of  300°  A\-ill  Ik?  90°. 

T.  Now,  knowing  the  cinrumference  of  the  earth  to  be  25,000  miles, 
I  want  you  to  tell  me  the  length  of  1°  ? 

P.  About  69i  miles ;  because,  the  length  of  the  whole  circumference, 
or  360°,  being  25,000  miles,  the  length  of  l^'  will  be  the  860th  part  of 
25,000  miles,  or  69|  miles  nearly. 
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T.  (Moving  his  pointer  over  a  meridian.)    What  is  this  line  called  ? 

P,  It  is  a  meridian. 

T,  (Moving  his  pointer  on  the  equator,  between  the  first  meridian  and 
the  meridian  passing  through  a  place.)     What  is  this  distance  called  ? 

P»  The  longitude  of  the  place  through  which  the  meridian  passes. 

T.  (Putting  his  pointer  on  a  place  in  North  America.)  What  kind 
of  longitude  will  this  place  have  ? 

P.  West  longitude. 

T.  (Moving  his  pointer  on  a  parallel  of  latitude.)  What  is  this  line 
oOled? 

P.  A  parallel  of  latitude. 

r.  Why  is  it  called  a  paraUel  of  latitude  ? 

P.  Because  it  is  drawn  parallel  to,  and  even  with,  the  equator. 

7*.  (Putting  his  painter  on  a  place  in  the  southern  hemisphere.)  What 
kind  of  latitude  will  this  place  have  ? 

P.  South  latitude. 

T.  Here  is  a  meridian  passing  through  a  place.  Now,  if  this  distance 
(tracing  with  his  pointer  the  distance  between  the  place  and  the  equator) 
be  35^,  what  is  the  latitude  of  the  place } 

P.  36°. 

7.  Upon  what  line,  then,  is  the  latitude  of  a  place  measured  ? 

P.  Upon  a  meridian  line  passing  through  the  place. 

T.  How  many  things  must  be  given  to  fix  the  position  of  a  place  upon 
the  earth? 

P.  Two  things  :  the  longitude  and  latitude. 

7.  Is  this  parallel  of  latitude  a  great  or  small  drcle  ? 


PROBLEMS    ON    LONGITUDE. 

Teacher.  When  it  is  noon  at  Greenwich,  what  time  will  it  bo  to  a  place 
having  45^  west  longitude  ?    Ans,  Nine  o'clock  in  the  morning. 

7.  When  it  is  noon  at  Greenwich,  what  time  vnll  it  be  to  a  place 
having  60^'  east  longitude  ?    Am,  Four  o'clock  in  the  afternoon. 

7.  ^Vhen  it  is  noon  vnth  us,  what  time  will  it  be  to  all  places  on  our 
opposite  meridian  ?    An».  It  will  be  midnight. 

7.  In  what  time  will  the  earth  turn  round  1^  ?    Aru,  4  minutes. 

Because,  time  in  moving  roimd  360^  =s  24  hours  ; 

24  V  fSA 
"  "  1®  =  — r^-r— min.  =  4min. 

7.  When  it  is  noon  at  Greenwich,  what  time  will  it  be  to  a  place 
having  40^  east  longitude  ? 
It  has  been  shown  in  the  last  question  that  places  having  a  difoenco 

86  ♦ 
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of  1^  of  longitude  will  have  a  difference  of  four  minuteB  in  time ;  there- 
fore, a  difference  of  40^  in  longitude  'H'ill  have  a  difference  of  time  equal 
to  forty  times  four  minutes,  or  two  hours  and  forty  minutes.  But  as  the 
place  has  east  longitude,  it  'H'ill  have  its  noon  before  us,  and  consequently, 
when  it  is  noon  with  us,  it  will  be  two  hours  forty  minutes  past  noon  at 
the  place. 

T.  The  captain  of  a  ship  finds  that  the  pointer  of  hia  dock,  keeping 
Greenwich  time,  is  at  four  o'clock  in  the  afternoon  when  the  sim  is  in 
the  meridian  of  the  place  of  observation ;  what  is  the  longitude  of  the 
ship }    Atu,  60^  west  longitude. 

T.  If  the  pointer  of  the  clock,  in  the  last  example,  be  at  seven  o'clock 
before  noon,  what  will  then  be  the  longitude  ?    Ana,  75^  east  longitude. 


THE   TROPICS    AND    ECLIPTIC. THE   ZONES. 

Teacher,  (Moving  his  pointer  on  the  tropic  of  Cancer.)    What  is  this 
line  called  ? 

Pupil.  The  tropic  of  Cancer. 

T,  When  does  the  sun  shine  jKTpcndicularly  over  this  line  ? 

P.  On  our  midsummer  day,  or  the  21jjt  of  June. 

r.  (Moving  his  pointer  on  the  arctic  circle.)  "What  is  this  line  called  ? 

P.  The  arctic  circle. 

T,  Wliat  places  this  line  upon  the  globe  ? 

P.  The  fact  that,  on  our  midsummer  day,  the  sun's  light  extends  23^° 
over  the  north  pole. 

T.  (Moving  his  pointer  on  the  tropic  of  Capricorn.)     What  is  this 
line  called  ?    And  why  is  it  placed  here  ? 

P.  The  tropic  of  Capricorn.     The  sun  shines  perpendicularly  over  it 
on  our  midwinter  day,  or  the  2l8t  of  December. 

T,  (Tracing  out  the  torrid  zone.)     ^^^lat  zone  is  this  ? 

P.  The  torrid  zone. 

T.  By  what  lines  is  it  bounded  ? 

P.  It  is  bounded  by  the  tropics  of  Cancer  and  Capricorn. 

T.  (Tracing  out  the  temperate  zone.)    "WhaX  zone  is  this,  and  how  is 
it  bounded  ? 

P.  It  is  the  temperate  zone,  and  it  is  bounded  by  the  tropic  of  Cancer 
and  the  arctic  circle. 

T.  How  many  zones  are  there,  and  what  are  they  called  ? 

P.  There  are  five  zones :  the  torrid,  the  two  temperate,  and  the  two 
frigid  zones. 


ASTBONOMT. 
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ANNUAL  MOTION  OF  THK  EARTH. CAUSE  OF  THE 

SEASONS. 

Teacher.  (Moving  the  globe  round  the  caudle,  &c.)  How  many  mo- 
ticnis  has  this  globe  ? 

Pupil.  It  has  two  motions  :  one  on  its  axis,  and  the  other  round  the 
candle,  which  we  suppose  to  represent  the  sun. 

T.  Wliat  are  these  two  motions  of  the  earth  called  ? 

P.  The  one  is  called  the  diurnal  motion,  and  the  other  the  annual 
motion. 

7.  Wlicrc  is  the  orbit  of  this  globe  ? 

P.  That  line  or  path  in  which  it  is  moving  round  the  candle. 

7*.  (Bringing  the  globe  to  the  position  c.  Sec  Fig.  14,  p.  374.)  Now, 
when  the  earth  is  in  this  position,  what  season  have  we } 

P.  Summer,  because  the  sun  shines  more  over  the  northern  than  over 
the  southern  hemisphere. 

T.  (Holding  a  pointer  from  the  candle  to  the  tropic  of  Cancer  c.)  To 
what  point  on  the  earth's  suriace  would  the  sun  be  now  shining  perpen- 
dicularly ? 

P.  To  a  point  in  the  tropic  of  Cancer. 

T.  How  much  on  every  side  of  this  point  will  the  stm's  light  extend  } 

P.  It  wiU  extend  90°  over  the  earth  on  every  side,  because  the  sun 
enlightens  one  half  the  earth  at  one  time. 

7*.  How  fiir  over  the  north  pole  will  his  light,  therefore,  at  this  time 
extend? 

P.  As  much  over  the  north  pole  as  the  tropic  of  Cancer  is  from  the 
equator,  that  is,  23^*'. 

And  so  on  to  the  positions  d,  t,  and  b. 


Fig.  33.    Parallelism. 


TlMeker,  (Moiving  a  rod  without  changing  its  diiection.)    What  hare 
jaa  to  uj  with  regard  to  the  position  of  this  rod  ? 
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Pt^.  ITiBt  although  it  ii  bdng  mored  in  m  dtdc^  yet  it  eSU  maiu- 
taint  its  paralMitm. 

T.  Jiut  in  the  nine  wbj,  yon  might  nj,  aa  die  earth  ptcHnci  tlw 
paraUelism  of  its  axis  while  it  lerolTea  round  the  lun.  What  do  yoa 
mean  by  the  parallcliam  of  the  earth's  axis  ?  , 

P.  That  it  ia  alwajrs  parallel  to  ilMili;  or  that  it  constantly  lies  in  ths 


T.  (Homing  the  ghAe  round  the  candle,  with  the  axis  vaticaL)  Why 
does  this  poution  of  the  axis  not  account  &a  the  seasons  t 

P.  Because  the  sun  would  always  shine  perpQuUculBTly  orer  the 
equator,  and  therefore  both  hemispbera  would  always  eqjoy  the  aame 
amount  of  light  and  heat. 

T.   What  things  sie  nscessary  In  coder  to  account  ftr  the  ran  wins  i 


The  Tonainds  of  the  woA  may  be  dinected  in  the  •■ 


ON  THE  USE  OF  THE  GLOBES. 

THE  TERRESTRIAL  GLOBE. 

DEFINITIONS   AND   EXPLANATIONS. 

1.  A  globey  or  sphere,  is  a  rouiid  bodj,  whose  surface  is 
every  where  at  the  same  distance  from  a  point  within  it  called 
the  centre. 

A  plane  passing  through  the  centre  of  a  sphere  divides  it 
into  two  equal  parts,  called  hemispheres ;  and  the  section,  or 


Fig,  1.   A  Hemisphere. 


Fig,  2.   A  Segment  of  a  Sphere. 


cat,  forms  a  great  circle  of  the  sphere.     All  great  circles  on 
the  same  sphere  are  obviously  equal  to  one  another. 

When  the  sphere  is  cut  by  a  plane  which  does  not  pass 
through  the  centre,  it  is  divided  into  two  unequal  parts,  and 
the  section  forms  a  smaU  circle  of  the  sphere.  The  size  of 
these  circles  depends  upon  the  distance  at  which  the  sphere  is 
cut  from  the  centre. 


If  a  drcnlar  hoop  be  whirled  round,  it  will  deBcribe  or  trace  out  the 
foziace  of  a  sphere. 

(«7) 
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Two  great  circles  on  a  sphere  di- 
Tide  each  other  into  equal  parts. 

These  circles  cross  each  other  like  two 
equal  hoops :  thus,  the  two  hoops  £  Q  and 
C  D  cross  each  other  at  the  points  A  and 
B,  making  A  G  B,  A  B  D,  A  £  B,  and 
A  B  Q  each  equal  to  semicircles.  The  pole 
of  a  great  circle  on  a  sphere  is  every  where 
90  degrees  distant  from  it. 


2.  All  circles  on  the  globe  are  supposed  to  be  divided 
into  360  equal  parts,  as  in  Fig.  4, 

called  degrees.  Each  quadrant  of 
the  circle  therefore  contains  90  de- 
grees. By  means  of  these  degrees 
tlie  magnitudes  of  angles  are  meas- 
ured :  thus,  for  example,  the  angle 
A  C  K,  formed  by  the  two  lines 
A  C  and  C  K,  contains  40  degrees. 

3.  The  terrestrial  globe  is  made 
to  represent  the  earth.  Upon  the 
surface  of  this  globe  is  drawn  the  outline  of  the  land  and 
water,  according  to  their  relative  size  and  situation,  together 
with  the  various  lines  and  points  which  have  been  invented 
for  assigning  the  exact  position  of  a  place  upon  the  earth. 

4.  The  Cixis  of  the  earth  is  an  imaginary  line,  passing 
through  the  centre,  upon  which  the  earth  turns. 

This  line  is  represented,  in  the  artificial  globc»  by  the  wire  which 
passes  through  the  north  and  south  poles. 

5.  The  poles  of  the  earth  are  the  two  extremities  of  the 
axis.  One  pole  is  called  the  wor^  or  arctic /?oZe,  the.  other, 
the  soiUh  or  antarctic  pole. 

6.  The  equator  is  a  great  circle  pai>sing  round  the  globe  at 
equal  distances  from  the  poles.  It  divides  the  globe  into  the 
northern  and  southern  hemispheres. 

The  equinoctial  is  the  equator  referred  or  extended  to  the 


1^.4. 


ox  TOB  rsr.  or  tbb  otosEs. 


Bvetu.     Wbcn  the  sun  appears  to  the  eqainociiul,  the  days 
il  iiigliU  arv  M]tial  ull  over  Uie  world. 

7.    Mtridiant.  or  lin«t  of  iangitude,  are  semicircles  extend- 
ing Ixtween  Ihe  two  polva.     These  lines  cut  the  equator  at 
'    "  "  L  angle*. 
,    The  meridian  pacing  through  Greenwich  is  calkd  ihe_/iV»( 

ndi«n. 
^&  Tilt!  brasfn  meridian  is  the  circle  of  brass  within  whii'Ji 
I  artificial  globti  lunis  on  two  axes  representing  the  poUs 
j^Uie  earth.  One  half  of  the  bra^s  meridian  is  graduaii:^ 
D  the  eiiuatur  lo  ihc  poles,  that  ti,  the  point  over  the  equa- 
1  markt^d  •>,  and  the  paint  over  the  polee  is  marked  00  \ 
\-  ODahlea  us  to  Hnd  the  latitude  of  a  place ;  the  other  half 
e  bnu«  meridian  commences  with  0  ai  the  pole,  and  ends 
t  the  etjutitor ;  Uiis  enables  us  to  elevate  the  pole  to 
B  latitude  of  the  place. 
,  The  hiuyitude  of  a-piam  is  the  distance  of  the  meridian 
nng  througli  that  place  from  the  first  meridian,  reckoned 
ree«  on  the  equator.  Longitude  is  either  east  or  wc»it, 
tlie  place  lies  to  the  east  or  west  of  the  first  mn- 
Tbe  edge  of  the  brazen  meridian  is  usually  employed 
^'drawing  a  meridian  through  any  given  plane, 
riO.   PwrolleU  o/iatitude  are  ^moll  circles  drawn  parallel  to 


s  its  distance  from  either  of 


iT'Thu  polar  dUtanir:  nf  a  j. 

Lll.   The  latitude  of  a  place  is  its  distance  north  or  south 

B  the  eqaator,  reckoned  in  degrees  on  the  brass  meridian. 

'tS.  Tht!  tropiet  are  two  small  circles  drawn  parallel  lu  the 

•?'|iia{ur  at  the  ditlonce  of  23J  degrees  from  it.     The  tropiu 

<  liio  northern  homtiiphere  ts  called  ihe  tropic  of  Cauft*,  and 

ii  in  thp  «outhcni  hemisphere  the  tmpie  of  Capricorn. 

J3.   The  polar  circlet  ore  two  small  circles  drawn  parallel 

a  equator  at  the  distance  of  23^  degrees  from  the  poles. 

0  north  polar  circle  is  called  ths  arctic  circU,  and  the  south 

the  antarctin  circU. 
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14.  The  zones,  —  The  earth  is  divided  by  the  tropics  and 
polar  circles  into  five  parts,  called  the  zones.  The  portion 
lying  between  the  tropics  of  Cancer  and  Capricorn  is  called 
the  torrid  zone  ;  between  the  tropic  of  Cancer  and  the  arctic 
circle,  the  north  temperate  zone  ;  between  the  tropic  of  Capri- 
corn and  the  antarctic  circle,  the  south  temperate  zone ;  be- 
tween the  arctic  circle  and  the  north  pole,  the  north  frigid 
zone;  between  the  antarctic  circle  and  the  south  pole,  the 
south  frigid  zone. 

1 5.  The  ecliptic  is  a  great  circle  representing  the  sun's  ap- 
parent path  throughout  the  year.  It  passes  through  the  trop- 
ics of  Cancer  and  Capricorn,  and  is  inclined  to  the  equator  at 
an  angle  of  23^  degrees.  The  two  points  where  it  cuts  the 
equator,  or  equinoctial,  are  called  the  equinoctial  points, 

IG.  Signs  of  the  zodiac,  —  The  ecliptic  is  divided  into  12 
equal  parts,  called  the  signs  of  the  zodiac ;  each  part  therefore 
contains  30  degrees.  There  are  six  northern  signs  and  six 
southern  ones.  The  sun  appears  in  the  former  during  our 
spring  and  summer  months,  and  in  the  latter  during  our  au- 
tumn and  winter  months.  The  days  on  which  the  sun  enters 
the  different  signs  are  as  follows :  — 

Northern  Signs  of  the  Zodiac, 

Spring  Signs. 

cp  Aries,  the  Ram,  2l8t  of  March. 
^  Taurus,  the  BuU,  19th  of  ApriL 
n     Gemini,  the  Twins,  20th  of  May. 

Summer  Signs. 

G    Cancer,  the  Crab,  21st  of  June. 

fl    Leo,  the  Lion,  22d  of  July. 

Wjl     Virgo,  the  Virgin,  22d  of  August. 

Southern  Signs  of  the  Zodiac* 

Autumnal  Signs. 

d^    Libra,  the  Balance,  23d  of  September, 
m     Scorpio,  the  Scorpion,  23d  of  October. 
/     Sagittariutf  the  Archer,  22d  of  November. 


♦..* 
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Winter  Signs. 

Vf     Capncomut,  the  Qoat,  21st  of  December, 
m    Aquarius,  the  Waterman,  20th  of  January. 
H     Pisces,  the  Fishes,  19th  of  February. 

17.  The  equinoctial  points  (that  is,  the  two  points  where 
the  equator  cuts  the  ecliptic)  are  Aries  and  Libra.  The  for- 
mer |)oint  is  allied  the  vernal  equinox,  and  the  latter  the  au- 
tumnal  equinox.  When  the  sun  is  in  cither  of  these  points, 
the  d}iys  and  nights  are  equal  all  over  tlie  world. 

18.  The  solstitial  points  are  Cancer  and  Capricorn.  When 
tlie  sun  is  in  or  near  these  points,  the  variation  in  the  length 
of  the  days  is  scarcely  perceptible.  When  tlie  sun  enters 
Cancer,  it  is  the  longest  day  to  all  the  inhabitants  in  the  north- 
cm  hemisphere,  and  the  shortest  day  to  those  in  the  southern 
hemL^phere.  On  the  contrary,  when  the  sun  enters  Capri- 
corn, it  is  the  shortest  day  to  the  people  who  live  in  the  north- 
ern hemisphere,  and  tlie  longest  to  those  who  live  in  the  south- 
ern hemisphere. 

19.  The  colnres  are  two  great  circles  which  pass  througli 
the  poles ;  one  of  them,  called  the  equinoctial  colure,  passes 
through  the  equinoctial  points ;  the  otlier,  called  the  solstitial 
colurcy  passes  through  the  solstitial  points. 

The  principal  lines  on  the  plobe,  which  liavc  just  been  described,  are 
represented  in  the  annexed  fipure ;  thus  N  S  rei)rescnts  the  axis  of  the 
earth ;  N,  the  north  polo;  S,  the  south  pole;  E  (i,  the  etjuator ;  E  Q  X, 
the  northern  hemisphere ;  E  Q  S.  the  HUithcni  hemisi)here ;  N  /  S,  a 
meridian;  L  T,  a  i)arallel  of  latitude;  L  N,  the  ix)l.ir  distance  of  L; 
e  r,  the  tropic  of  C'anciT;  ff  p,  the  tropic  of  Cuprirorn  ;  d  c,  the  arctic 
circle;  /  y,  the  antarctic  circle;  the  surface  of  the  earth  lyiiij;  Ix'twecn 
e  V  and  ^/>,  the  torrid  zone;  between  c  »  and  d  «•,  the  north  tnniH.Tatc 
Bone ;  between  d  e  and  the  north  pole,  the  north  frigid  zone ;  Utwti  n  g  p 
and  fq,  the  south  temperate  zone ;  and  between  / 7  and  the  >outh  pole, 
the  south  frigid  zone;  c  p,  the  ecliptic ;  C,  one  of  th«.'  etiuinoctial  pouits; 
e  and  />,  the  folstitial  points ;  the  great  circle  N  C  S  going  n>und  the 
eoith,  the  equinoctial  colure ;  and  N  c  S  r,  the  folKtitial  colure. 

20.  The  xenith  is  that  point  in  the  heavens  directly  over 
our  heads. 
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21.  The  nadir  is  that  point  in  the  heavens  which  lies  di- 
rectly below  our  feet. 

22.  Antipodes  are  those  jteoplo  who  live  on  opposite  sides 
of  the  earth,  and  therefore  walk  feet  to  feeL  Their  latitudes, 
longitudes,  days  and  nights,  seasons  of  the  year,  arc  all  coo- 
trary  to  each  other. 

23.  The  horixon  is  of  two  kinds :  the  sensible  or  visible 
horizon  and  the  rational  or  true  horizon. 

The  iemiUe  or  visible  horizon  is  that  circle  od  the  earth 
which  bounds  our  view. 

The  rational  or  true  horizon  is  a  great  circle  of  the  hear- 
cns,  every  where  90  degrees  from  the  zenith.  The  stars  rise 
and  set  when  they  appear  on  this  line. 

24.  Tlio  altitude  of  any  object  in  the  heavens  is  its  distance 
from  the  horizon.  When  the  body  is  on  the  meridian,  such 
as  the  sun  at  noon,  the  altitude  is  then  called  the  meridian 
altitude. 

25.  The  zenith  dittante  of  a  celestial  body  is  its  distance 
from  the  zenith. 

26.  The  quadrant  of  altitude  is  a  thin,  flexible  slip  of  brass, 
divided  upwards  from  0  to  90  degrees,  and  downwards  from 


on  THK  irsB  or  the  OLOBica. 
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I  dpgrxes.     It  admits  of  being  screwed  to  t)ie  bnxit-u 

dduu).     Tliii  upper  divisiuna  are  used  for  finding  l!ie  dia- 

9  between  pkcoa  un  lliu  vtulh,  the  altitude  of  the  hesv- 

f  bodine,  &r.,  wid  lh«  lower  divisions  are  used  for  finding 

p  dimtion  of  twilight. 

>  AsimalK  or  rerliciti  cireUs  are  great  circles  passing 
BUgh  the  zenith  tuid  nadir  [loinUi,- cutting  the  borizon  at 
^Itt  aiigl«s.  Tlie  aililudes  of  the  heuveiUj  bodies  are  meus- 
nred  on  llieae  circles.  This  is  done  b;  screwing  the  <jundrant 
of  altitude  on  the  zenith  of  the  place  of  observation,  and  roov- 
B  Ibe  slip  of  bnna  until  its  graduuted  edge  passes  through 
Bbodf. 
WSS.  The  asimiUh  of  a.ny  cek'stial  body  is  an  arc  of  the  ho- 
B  Ij^ng  between  a  vertical  circle  pa^aing  through  the  bwljr 
B  the  north  or  south  points  of  the  horizon. 
|9.  The  amplitude  of  any  celestial  body  li  tlie  distODoe 
Wiucb  it  rises  from  the  east  or  sets  from  the  west. 

■  The  cardinal  poinlt  are  the  east,  west,  north,  and 
It  (loints  of  the  horizon. 

A  marinrr')  compati  consists  of  a  card,  repreeetiting  the 
1.  divided  into  ihirty-iwo  equal  parts,  called  points  of 
[  compass,  together  wiili  a  magnetic  needle  which  always 
a  its  north  pole  towariit  the  north.  By  tliis  valuable  in- 
nent  seamen  direct  the  course  of  Ibcir  ships,  nnd  eiigi- 
I  uid  travellers  can  at  any  time  ascertain  the  cardinal 
a  of  the  horixon. 

31  not  ecBotly  poini  north  and  south.    In  Englund,  at 
t,  the  nonh  pale  uf  the  noedlc  poiuts  ahout  24  degret^  to 
d  ctf  thy  north.     In  hiying  dirwn  a  mtridiaiv  line,  an  aJLrw- 
St*  made  Ibr  thi»  vnrintion. 
The  oonipuB  ■■  placed  boiivuth  thu  artiScial  gtubc  Tor  utting  it  (hie 
north  and  HUth. 

IS.  The  woodffi  horittm,  surrounding  the  nrtilicini  globe, 

ill  tho  mtionul  horiKon.     It  is  uiuiilly  divided  iulu 

eonc4!nirJc  circles:  tbe^rjt  is  for  finding  (he  amplitudr. 

beannily  bodies.     The  itcond,  for  finding  tlidr  azimuiA. 


^MS.   T 
^Bmeoi 
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The  third  contains  the  thirty-two  points  of  the  eompcm^  The 
fourth  contains  the  twelve  signs  of  the  zodittCj  with  the  de- 
grees of  each  sign.  TUeJffih  contains  the  days  of  the  month, 
corresponding  to  every  degree  of  the  sun's  pUee  in  the  eclip- 
tic, as  indicated  in  the  fourth  circle.  The  sixth  oontainfl  the 
equation  of  time,  that  is,  the  difference  of  time  between  a  dock 
and  a  sun  diaL  The  seventh  contains  the  twelve  calendar 
months. 

83.  The  hofir  circle  is  a  flat  ring  of  brass,  turning  under 
the  brazen  meridian,  on  the  axis  or  pole  of  the  artitieial  globe. 
It  is  divided  into  twenty-four  equal  parts,  representing  hours. 
It  is  used  for  finding  the  difference  of  time  between  any  given 
places,  the  length  of  the  day,  &c. 

34.  The  deciination  of  the  sun  is  his  distance,  north  or 
south,  from  the  equinoctial.  At  the  equinoxes  he  lias  no  dec- 
lination ;  at  the  tropic  of  Cancer  he  has  attained  his  greatest 
northern  declination  ;  and  at  the  tropic  of  Capricorn  he  has 
attained  his  greatest  southern  declination. 

35.  The  right  ascension  of  the  sun  is  the  distance  of  the 
meridian,  passing  through  the  sun's  place  in  the  ecliptic,  from 
tlie  equinoctial  point  Aries,  reckoned  in  degrees  eastward  on 
the  equator  or  equinoctial. 

3G.  A  rif/ht  sphere  is  that  position  of  the  earth  where  the 
poles  are  in  the  horizon,  and  the  equator  passes  through  the 
zenith  and  nadir.  The  people  who  live  at  the  equator  have 
this  position  of  the  sphere. 

37.  A  parallel  sphere  is  that  position  of  the  earth  where 
the  poles  are  in  the  zenith  and  nadir,  and  the  equator  co- 
incides with  the  horizon.  If  there  were  any  people  living  at 
the  poles,  thoy  would  have  this  position  of  the  sphere. 

38.  An  obligue  sphere  is  that  position  of  the  earth  where 
tlu;  equator  cuts  the  horizon  obliquely.  All  tlie  people  on  tlie 
earth  (excepting  those  that  live  at  the  equator  and  the  poles) 
have  this  position  of  the  sphere. 
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PROBLEMS  ON  THE  TERRESTRIAL  GLOBK 

Problem  L  To  find  the  latitude  and  longitude  of  any 
given  place. 

Rule.  Bring  the  given  place  to  the  east  edge  of  the  brass 
meridian  :  the  degree  directly  over  the  place  is  the  latitude  ; 
and  the  degree  on  the  equator  cut  by  the  brass  meridian  is  the 
longitude. 

The  latitude  of  a  place  may  be  north  or  south,  and  the  lon- 
gitude east  or  west 

Examples. 

1.  Wh£t  is  the  latitude  and  longitude  of  Paris  ? 
Answer,    48^  50'  north  latitude,  and  2"^  20'  east  longitude. 
Required  the  latitudes  and  longitudes  of  the  following  places :  — 

2.  Rome ;  3.  South  Cape,  Spitzbergcn ;  4.  Malta ;  6.  Cape  Horn ; 
6.  Azores. 

7.  What  is  the  latitude  and  longitude  of  the  north  pole  ? 

8.  Wliat  is  the  greatest  latitude  a  place  can  have  ? 

9.  \fhaX  is  the  greatest  longitude  a  place  can  haye  ? 

10.  What  part  of  the  earth  is  that  which  has  no  latitude  ? 

Anrwrbs. 

(2.)  410  64'  N.  lat.,  and  12^'  27'  E.  long. 
(3.)  76°  32'  N.  lat.,  and  13^  45'  E.  long. 
(4.)  85°  53'  N.  laL,  and  14°  30'  K  long. 
(5.)  66°  68'  8.  lat.,  and  67°  11'  W.  long.     • 
(6.)  Z^  N.  lat.,  and  28^  W.  long. 

(7.)  90^N.  lat.;  (8.)  90^;  (9.)  180°  east  or  west  longitude;  (10.) 
The  equator. 

Problem  II.  To  find  any  place  on  the  globe,  having  its 
latitude  and  longitude  given. 

Rule.  Find  the  given  longitude  on  the  equator,  and  bring 
it  to  the  brass  meridian ;  find  the  given  latitude  on  the  brass 
meridian,  and  the  place  immediately  under  will  be  the  place 

required. 

Examples. 

(1.)  What  place  has  20^*  north  latitude,  and  76^  west  longitude? 
The  Island  of  Cub*. 
86* 
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What  places  have  nearly  the  following  latitudes  and  longitudes  ? 
(2.)  64<>  N.  lat.,  and  18i°  E.  long. 
(3.)  30°  N.  lat.,  and  31^  E  long. 
(4.)  21°  S.  lat.,  and  66^<*  E.  long. 
(6.)  29°  N.  lat.,  and  18°  W.  long. 
(6.)  34°  S.  lat.,  and  18°  E.  long. 

AfuwerM,    (2.)  Dantzic;   (3.)  Cairo;  (4.)  Island  of  Boaxbon;  (6.) 
Canary  Islands,  Falma ;  (6.)  Cape  of  Good  Hope  town. 

Problem  III.  To  find  all  those  places  which  have  the 
same  latitude  as  a  given  place. 

Rule.  Bring  the  given  place  to  the  brass  meridian,  and 
find  its  latitude ;  turn  the  globe  slowly  round,  and  all  places 
which  pass  under  the  observed  latitude  will  be  those  required. 

All  places  in  the  same  latitude  have  the  same  seasons,  and 
the  same  length  of  day  and  night ;  but,  owing  to  various  physi- 
cal causes,  (such  as  the  relative  distribution  of  land  and  water,) 
they  may  not  have  the  same  temperature. 

Examples. 

1.  What  places  have  nearly  the  same  latitude  as  Constantinople  ? 
Anstoer.     Naples,  Pckin,  l^hiladclphia,  &c. 

What  places  have  nearly  the  same  latitude  as  the  following  : 

2.  London;  3.  Alexandria;  4.  Home? 

6.  What  places  have  nearly  the  same  length  of  days  as  Malta  ? 
Afisioers.     (2.)  Kotterdam,  &c.  ;  (3.)  Cummin's  Island,  China,  &c.  ; 
(4.)  Nova  Scotia  ;  (5.).  Cap<!  St.  Vincent,  Portugal,  &c. 

Problem  IV.  To  find  tdl  those  places  which  have  the 
same  longitude  as  a  given  place. 

Rule.  Bring  the  given  place  to  the  brass  meridian ;  all 
places  under  tl.e  edge  of  tlic  brass  meridian,  from  pole  to  pole, 
have  the  same  longitude. 

The  people  living  in  all  those  places  which  have  the  same 
longitude,  have  noon  and  all  other  hours  of  the  day  alike. 

Examples. 

1 .   What  places  have  nearly  the  same  longitude  88  Madeira  ? 
Atutoer.    Heda,  Tencrifie,  Cape  Blanco,  &o. 
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2,  What  inhahitaxits  of  the  earth  have  nearly  the  same  time  as  the 
people  of  the  Cape  of  Good  Hope } 

3.  AMiat  places  have  nearly  the  same  longitude  as  Gibraltar  ? 
Anstcers.     (2.)   Dantzic,  Stockholm,  &c. ;    (3.)  St.  David's  Head, 

Wales,  &c. 

Problem  V.     To  find  the  distance  between  two  places. 

Rule.  Laj  the  edge  of  the  quadrant  of  altitude  over  the 
two  places,  6o  that  the  point  marked  0  may  be  over  one  of 
them  ;  then  the  number  of  degrees  over  the  other  place  will 
give  the  number  of  degrees  that  they  are  apart. 

Multiply  the  number  o\'  degrees  by  60,  and  the  product  will 
give  the  geographical  miles ;  or  multiply  the  number  of  de- 
grees by  69 -^(j,  and  the  product  will  give  the  distance  in 
English  miles. 

Or,  take  the  distance  between  the  two  places  with  a  thread, 
apply  that  distance  to  the  equator,  and  it  will  show  how  many 
degrees  are  contained  in  the  distance. 

Examples. 

1.  What  is  the  distance  between  London  and  Madeira  ? 

Antwcr,    About  22^°,  or  1350  geographical  miles,  or  about  1554 
EngHsh  miles. 
\STiat  is  the  distance  between  the  following  places  ? 

2.  London  and  Constantinople. 

3.  C'ape  Vcrd  Isles  and  the  Cape  of  Good  Hope. 

4.  liondon  and  Petersburg. 

5.  A\liat  is  the  distance  of  Land*F  End  from  Jamaica  ? 

6.  Suppose  a  ship  to  sail  from  Liverpool  to  Madras  in  the  following 
track :  from  Liverpool  to  Cape  Verd  Islands,  thence  to  St.  Helena, 
thence  to  the  Cape,  thence  to  Mauritius,  thence  to  Ceylon,  and  tbenoe  to 
Madras ;  how  many  Euglibh  miles  are  there  in  the  voyage } 

AxSWKRfl. 

(2.)  1320  gcog.  miles,  and  lo3{)  Eng.  miles. 
(3.)  3900  grog,  miles,  and  4491  Eng.  miles. 
(4.)  1140  gcog.  miles,  and  1312  Eng.  miles. 
{!i,^  3810  geo};.  miles,  and  4421  Eng.  miles. 
(6.)  About  186^,  or  11,100  geog.  miles,  or  about  12,783  Eng.  miles. 

Problem  VI.  The  hour  of  the  day  being  given  at  one 
place,  to  find  what  hour  it  is  at  any  other  place. 
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R(!t.i(.  Bring  Hie  jilaoo  Kt  wliicli  thi:  limi;  in  giVMt  10 
brass  Dieridinn  i  set  the  hour  iudex  lo  llie  given  Iraar;  t 
tlm  glulH:  uiirU  tiie  other  pUoe  is  brought  uiidi^r  the  bnu»  i 
ridiaii,  and  the  inilrx  will  point  lo  tlic  requii'ed  llino. 

Or  thui  hg  calculation.  Find  tho  difTereiiu!  of 
btttweeo  the  two  plai^us,  allow  on  liour  for  every  tfi  degrb 
«DiI  four  miuuti.'!)  of  (ime  for  every  dtAgree,  aiid  tlio  time  th 
obtnined  will  give  the  difference  of  time  butween  the  H 
pluccs.  If  the  place  al  which  the  time  is  retiuin-d  lies  lo  I 
eaal  of  tile  oiher  pliice,  this  difference  of  time  man  be  udded 
to  fiud  the  time  at  the  plnca  required  )  but  if  to  the  wc«l> 
must  be  snbtracted.  See  Abtkonomt,  ArL  2a,  luid  Exkj 
0I8B8,  p.  413. 

1.  When  it  ix  4  a'dock  in  the  aftenunn  at  Londun,  what  tunn  ii  it 
Fetcdbutg? 

Arumar.     Six  o'clock  in  the  Evitiiiig. 

Or  lAiu,  man  aamraicly,  bg  nakulatioii.  The  diSciencu  of  km^ta 
betwcGD  Lundon  and  PetLTsbiirg  is  30°  2S'.  Here  thG  30  df^priM  axM 
ly  give  2  hmus  lUifrrciiM  of  time,  and  lo  convert  the  rvmoining  25'  io 
timei  wo  have 


Va.m 


25 


,36'  =  -Xi=5  =  l|. 


whidv  added  to  the  3  houn,  ffta  2  houra  1|  n 


u  (brthc  d 


Now.  a»  Fetcnburg  Uca  to  the  rast  at  Londaa,  the  time  at  Uw  fen 
place  will  be  3  botm  !|  tnio.  later  than  it  is  at  Londuni  that  ui.lhe|j 
at  PelcnbuiK  will  be  1|  min.  post  six  in  the  evening. 

1,  Wh«ii  it  is  I  o'clock  in  tho  nftcmiKin  at  Alexandria,  wbu  tiaa 
it  at  Philadelphia  > 

Aiuiur.    Sevun  o'clock  in  th^  numiing. 

Or  l/iu;  mora  aeairately.  Ay  calealalton. 

Longitude  of  Alexandria  ^  30°  10'  casL 

Longitudeaf  FlulBdclphia  =  16"  19'  wesu 

Diffirenco  of  longitude    ^  lOo"  3ft' 

PiSeicncc  time  in  bmjra  i=  j>-  =  7  bounk 


total  differenfs  of  tii 


=  7  boun  %\  nuQuto. 
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Now,  as  Philadelphia  lies  to  the  weet  of  Alexandria,  the  time  of  the 
former  place  will  be  7  hours  2^  miii.  earlier  thaii  it  is  at  the  latter  place; 
hence  the  time  at  Philadelphia  will  be  57§  min.  past  6  in  the  morning. 

3.  Wlien  it  is  4  o'clock  in  the  afternoon  at  Cape  Horn,  what  time  is 
it  at  the  Island  of  St.  Helena  ? 

4.  AVhen  it  is  10  o'clock  in  the  morning  at  Nankin,  in  China,  what 
time  IB  it  It  Plymouth,  England } 

Answebs. 

(3.)  6  min.  past  8  o'clock  in  the  evening  nearly. 
(4.)  I  past  1  o'clock  in  the  momiiig  nearly. 

Fboblem  VII.  Given  the  difference  of  time  at  any  iwo 
places  to  find  their  difference  of  longitude. 

Rule.  Bring  the  first  meridian  to  the  brass  meridian ;  set 
the  hour  index  at  12  o*clock;  turn  the  globe  until  the  given 
time  is  brought  under  the  brass  meridian  ;  and  the  degree  of 
the  equator  cut  by  the  brass  meridian  will  be  the  difference 
of  longitude. 

Or  thus  by  calctdation.  Allow  15  degrees  difference  of  lon- 
gitude for  every  hour  in  the  difference  of  time,  or  1  degree 
for  every  4  minutes  of  time. 

Examples. 

1.  When  it  is  noon  at  a  certain  place,  it  is  8  o'clock  in  the  morning  at 
London  ;  required  the  longitude  of  the  place. 

Answer,     60°  east  longitude. 

Or  thus  by  calctilatian.    Here  the  differmce  of  time  is  4  hours. 
Difference  longitude  =  4  X  15  =  60  degrees. 

As  the  time  at  London  is  before  that  of  the  place,  it  follows  that  it 
must  have  60  degrees  east  longitude. 

2.  When«it  is  10  o'clock  in  the  morning  at  London,  at  what  places 
will  it  be  noon  ? 

3.  What  places  will  have  noon  7  hours  55  min.  before  London  ? 

AXSWEBS. 

(2.)  To  all  places  having  30°  E.  long.,  —  Pctcrshurg,  &c 
(3.)  To  all  places  haring  1 183°  E.  long.,  —  Nankin,  &c 

Problem  VI IL  To  find  the  length  of  a  degree  in  any 
given  pctraUel  of  latitude. 
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Rule.  Lay  the  edge  of  the  quadrant  of  altitude  parallel 
to  the  equator  between  any  two  meridians,  (15  degrees  of 
longitude  apart ;)  then  the  number  of  degrees  intercepted  be- 
tween them,  multiplied  by  4,  will  give  the  number  of  geograph- 
ical miles  contained  in  a  degree  of  the  given  parallel  very 
nearly.  To  find  the  number  of  English  miles,  multiply  the 
geographical  miles  by  69.1  and  divide  by  60. 

Examples. 

1.  How  many  geographical  and  English  miles  are  there  contained  in 
a  degree  in  the  latitude  of  40°  i 

Here  the  distance  between  two  meridians  (16  degrees  apart)  in  the 
parallel  of  40°,  is  1 IJ  degrees  of  the  equator  nearly ;  hence  we  have 
Length  of  15  degrees  longitude  on  parallel  40° 
=  Hi  degrees  of  the  equator 
=  lli|  X  CO  geographical  miles  ; 
Length  of  one  degree  longitude  on  parallel  40° 
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=  Hi  X  4  =4C  geog.  miles 
Eng.  miles  =  52.07  Eng.  miles. 


IIow  many  geographical  and  English  miles  are  there  contained  in  a 
degree  in  the  following  latitudes  ? 

(2.)  30°;  (3.)  51°;  (4.)  56°;  (5.)  60°. 

Answers. 

(2.)  51.9  geog.  miles,  or  59.7  Eng.  miles. 
(3.)  37.7  gcog.  miles,  or  43.4  Eng.  miles. 
(4.)  33.5  gcog.  miles,  or  88.5  Kng.  miles. 
(5.)  30  gcog.  mUes,  or  34i  Eng.  miles. 

-■ 
Problem  IX.     Thjind  the  antipodes  of  a  given  place. 

Rule.  Place  the  two  poles  of  the  globe  in  the  horizon ; 
turn  the  globe  until  the  piven  place  comes  to  the  fa^^tern  part 
of  the  horizon  ;  observe  the  number  of  degrees  that  th».*  jilaoe 
is  to  the  north  (or  south)  of  the  east  point  of  the  horizoii,  and 
the  same  number  of  degrees  counted  south  (or  north)  from 
the  west  point  of  the  horizon  will  give  the  antipodes  required. 
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Examples. 

1.   Required  the  antipodes  of  I^ondon. 

Antwer,    Antipodes  Island,  near  the  Island  of  New  Zealand. 

Required  the  antipodes  of  the  following  places :  2.  'ihe  Island  of 
Bermudas;  3.  Cape  Ilom ;  4.  Cape  of  Good  Hope ;  5.  the  Azores. 

Answers.  (2.)  The  south-west  part  of  New  Holland ;  (3.)  the  east 
of  Lake  Baikal;  (4,)  the  north  of  the  Sandwich  Munds;  (5.)  east 
of  Cape  Howe. 

Pboblem  X.     To  rectify  the  globe  for  a  given  place. 

Rule.  Elevate  or  raise  the  correspoDdiug  pole  as  manj 
degrees  above  the  wooden  horizon  as  are  equal  to  the  latitude 
of  the  place.     See  Astronomy,  ArL  28. 

If  the  globe  be  now  turned  round,  so  as  to  bring  the  place 
to  the  brass  meridian,  it  will  be  seen  that  the  place  occupies 
the  zenith  of  the  globe ;  that  is  to  say,  the  wooden  horizon 
forms  the  true  horizon  to  the  place. 

Problem  XL  To  Jind  the  sun's  place  in  the  ecliptic  for 
any  given  day. 

Rule.  Find  the  month  and  the  mark  corresponding  to  the 
day  of  that  month  in  the  outer  circle  of  the  wooden  horizon ; 
then  the  coincident  mark  in  the  circle  containing  the  signs  of 
the  zodiac  will  give  the  sun's  place  in  the  ecliptic,  which  maj 
then  be  found  upon  the  globe. 

Problem  XII.  To  find  the  sun's  declination  for  a  given 
day  of  a  given  month,  and  to  find  the  places  to  which  the  sun 
will  be  vertical  on  that  day. 

Rule.  Find  the  sun's  place  in  the  ecliptic  for  the  given 
day,  (Prob.  XL  ;)  bring  that  point  of  the  ecliptic  to  the  brass 
meridian,  and  the  degree  directly  over  it  on  the  brass  merid- 
ian is  the  declination  north  or  south.  Turn  the  globe  round, 
and  every  place  wliich  passes  under  that  degree  of  the  brass 
meridian  will  have  the  sun  vertical  on  tliat  day. 

The  declination  of  the  sun  obviously  gives  the  latitude  of 
the  places  which  will  have  the  sun  vertical. 

The  sun  can  only  be  vertical  to  places  lying  within  the 
torrid  zone. 


432  KATDKAL  AND   EXPERIHENTAI.  PHIL080FHT. 

Examples. 

1.  Required  the  declination  of  the  8im  on  the  11th  of  Julj.  What 
will  be  the  latitude  of  the  placcB  to  which  the  sun  will  be  vertical  on 
that  day  ? 

AntxMT,  22^  north  declination ;  and  22°  north  latitude,  Leasoe  Id- 
and,  Cattcgat,  &c. 

To  find  the  declination  and  the  places  to  which  he  will  be  yertical  on 
the  following  dajrs :  — 

2.  3d  of  October;  3.  24th  of  July;  4.  10th  of  January;  5.  10th  of 
June. 

Answers,    (2.)  4°  south  dccL,  and  A9  south  latitude. 
(3.)   20°  north  decl.,  and  20°  north  latitude. 
(4.)   22*^  south  decl.,  and  22<'  south  latitude. 
(5.)   23°  north  dccL,  and  23°  north  latitude. 

Problem  XIIL  To  find  the  hour  at  which  the  sun  ri$a 
and  sets  at  a  given  place,  for  any  given  day. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place, 
(see  Prob.  X. ;)  fyid  the  sun's  place  in  the  ecliptic,  (see 
Prob.  XI.,)  and  bring  it  to  the  brass  meridian.  Set  the  in- 
dex of  the  hour  circle  to  XII. ;  turn  the  globe  till  the  sun's 
place  comes  to  the  eastern  edge  of  the  wooden  horizon,  and 
the  index  will  show  the  hour  at  which  the  sun  rises ;  then 
turn  the  globe  till  the  sun's  place  comes  to  the  western  edge 
of  the  wooden  horizon,  and  the  index  will  show  tlie  hour  at 
which  the  sun  sets. 

The  length  of  the  day  is  found  by  doubling  the  hour  of 
sunset. 

The  ami>litude  of  the  sun  will  be  found  by  simply  ob- 
serving the  point  on  the  wooden  horizon  which  is  cut  hj  the 
sun's  place  in  the  ecliptic  at  the  time  of  rising  or  setting. 

Examples. 

1.  At  what  time  will  the  sun  rise  and  set  to  the  people  of  London  on 
the  21st  day  of  December?  licquircd  also  the  sun's  amplitude  on  this 
day. 

Ansxcer.  HI<ks  \  before  8,  and  sets  |  past  4 ;  the  amplitude  about  36° 
to  the  south  of  the  cast  point  of  the  horizon. 

2.  At  what  time  will  the  sun  rise  and  set  to  the  peoplo  of  Eomc  on 
the  Ist  day  of  April,  &c  ? 
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8.  What  is  the  length  of  the  longest  day  to  the  inhabitants  of  Paris  ? 
At  what  distance  from  the  east  point  of  the  h'Nizon  does  the  sun  rise  on 
this  day? 

4.  Show  that  the  day  is  always  12  hours  long  to  the  people  living  at 
the  equator.  Show  that  the  2l8t  of  June  is  the  longest  day  to  the  in- 
habitants of  the  northern  hemisphere,  and  that  the  21st  of  December  is 
their  shortest  day. 

Required  the  length  of  the  shortest  day  to  the  inhabitants  of  the  fol- 
lowing places :  5.  Edinburgh ;  6.  New  York. 

Ansteen,  (2.)  llises  ^  before  6,  and  sets  ^  after  6;  amplitude  6^ 
north  of  the  east  point ;  (3.)  Length  of  the  day  16  hours,  and  about 
37°  north  of  the  east  point;  (5.)  6^  hours;  (6.)  9  hours. 

Problrm  XIV.  To  Jind  the  8un*$  meridian  altitude  at  a 
given  place  en  a  given  day. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  tlic  sun's  place  in  the  ecliptic  for  tlie  given  day  to  the 
brass  meridian ;  count  the  number  of  degrees,  on  the  brass 
meridian,  between  that  place  and  the  horizon  for  the  meridian 
altitude  required. 

Or  thus.  Find  the  declination  of  the  sun,  and  a<1d  it  to  tlie 
co-latitude  of  the  place  when  the  declination  and  latitude  are 
of  the  same  name,  but  subtract  it  when  they  are  of  diiierent 

names. 

Examples. 

1.  Wliat  is  the  sun's  meridian  altitude  at  London  on  our  midsummer 

day? 

Answer.  62^.  This  is  the  greatest  deration  of  the  sun  above  the 
horiaon  of  London. 

Or  thus  by  calculation.  Here  the  declination  and  latitude  are  of  the 
vime  name.  On  this  day  the  declination  of  the  sun  is  23(|°  north,  and 
the  co-latitude  is  90°  lees  by  51i°,  or  38(|° ;  hence  the  meridian  altitude 
B  ZW  +  234  =  62°. 

2.  What  is  the  sun's  meridian  altitude  at  London  on  our  midwinter 
day? 

Antwer.  16°.  This  is  the  least  meridian  altitude  of  the  sun  to  the 
inhafiitants  of  London. 

t>r  thu»  by  calatlation.  Here  the  declination  and  latitude  have  dif- 
iiTciit  names.  In  this  case,  therefore,  we  have  the  meridian  altitude  = 
88.i  ^  23|  »  16°. 
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What  would  be  the  meridian  altitude  of  the  ran  on  the  21it  of  June 
to  the  following  places }  6.  Theiionh  pole;  6.  The  arctic  circle;  7.  Tfat 

.imtoer,.  (3.)  59"  IV  ;  (4.)  21i'';  (C.)  231°!  <fi-)  «"!  (?.)  66*" 
or  231°  &'oin  ^e  zenith. 

Problem  XV.  To  jind  ike  altitude  of  tie  tun  at  ang 
given  place  and  hour  ;  and  alto  his  aeimuth. 

Rule.  Recliry  the  globe  for  the  latituOe  of  (lie  given 
place  I  bring  the  aun's  place  to  the  brass  meridian ;  eet  the 
index  to  XII. ;  turn  the  globe  till  the  index  points  at  the 
given  hour ;  fix  the  quadrant  of  altitude  on  the  brass  merid- 
ian, at  the  degree  of  latitude  of  the  given  place,  and  lay  its 
edge  over  the  sun'e  place  ;  then  count  the  number  of  d(-gree« 
on  tlic  quadrant  between  ilits  {loint  luid  tlie  womlen  horizon, 
aiid  it  will  give  the  altitude  required. 

The  diislance  of  the  point,  where  the  edge  of  tlie  quadrant 
of  altitude  cuta  the  wooden  horizon,  from  the  north  or  eoutb 
points,  will  giye  the  sun's  azimuth. 

ExAUFLBa. 

1.  Kequircd  the  Bun's  altitude,  &c.,  at  7  o'clock  in  the  mon^g  on 
the  5th  of  May  to  the  inhabitants  of  London. 

Aiuuier.  Altitude  214",  and  azimuth  90°  ftora  the  nortli  point  of 
the  horizon. 

2.  Roquired  the  sun'a  altitude  and  nrimuth  at  4  o'clock  in  the  after- 
noon on  the  2d  of  July,  to  the  inhabitanta  of  Petersburg. 

3.  Itcquired  the  same  oa  in  the  last  example  to  tbe  inhabitants  of 
Ijondon. 

AntiBrri.  (2.)  8S°  altitude,  and  azimuth  75°  tnaa  the  south  ptnnt; 
(3.)  37°  altitude,  and  uimuth  80°  &om  the  south  point. 

Problem  XVI,  7%e  hour  and  day  being  given  al  a  pnr- 
tiriilar  place,  to  Jind  the  plui^e  tehere  the  tun  it  then  rertirnl. 

Rule.  Find  the  sun's  declination  for  tho  given  day ;  (w^e 
ProU  XII. ;)  this  gives  the  latitude  of  the  required  plac-u ; 
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g  this  giren  pUce  lo  th*  Inisa  nuridiiui ;  Mt  ihe  index  lo 
i  pvcn  huur  ;  turn  (lie  glutic  till  lliv  iiiilex  (mints  to  XJi. 
u  (  then  all  tlm  jilut^t;^  under  lliu  limss  nn^ridtun  will  luive 
a  at  the  ipveii  time,  and  tlie  place  wliose  laiituile  U  tha 
iiui's  declinntioD  will  have  tlit:  sun  vcrlirul. 

Kx^Mrtm. 

'g  trbot  jilace  wUl  the  nui  be  nvoilf  veiticD]  on  the  61I1  day  at 
r.  niiea  it  u  23  niinutet  pvl  tuwn  at  lAiiduii  ? 
The  ItUnd  of  Hi.  Hdaui. 
'o  whni  [ilu'c  siU  the  «in  be  nearly  vertical  on  the  30<h  Haj  at 
i,  wlun  li  u  34  miDuta  (Mist  1  o'clock  in  the  altimdk  di  London  i 

To  thf  Ulmii!  of  St.  Jnpi,  oni-  of  Uie  Clips  Verd  Mui. 
I   WhH\  il  iH  -40  miiiiiia  post  0  o'ulock  iu  the  nionuag  nt  Luudon 
a  3£ll\  at  April,  wliiru  is  the  am  veMicid  i 
UaOran. 
n  it  IB  1  o'clock  in  the  aftemuoD  at  LoqiLoq  on  the  18th  of 
fatre  is  the  nun  vertical  { 
Borbndixs. 


pTnoBLEM  XVn.     A  place   teilhin  ihe  torrid  tone  being 
tvjtttd  tAoae  two  day»  of  ihv  j/tar  on  which  Ihe  lun  will 

mytrtitid  lo  the  given  place. 
BcLK.     Bring  the  given  place  to  the  bnttts  meridian,  ani] 
»erve  lis  latitude;  turn  the  globe  on  its  axis,  and  mark  what 

vin  points  of  the  (^liptic  pa^  under  that  latitude ;  seek  tliusi: 

wo  paints  of  Ihe  ecliptic  in  lh«  cirtile  contuning  Ihe  signs  of 
e  codinr,  on  iVv  wm'Mlen  liurlzon,  and  opposite  to  them  will 

ifinind  the  dav»  required. 

ElUn-LEK. 

two  Juys  of  the  yao  will  thr  ran  be  Ttrtical  to  the  ia- 
bof  SLlldma? 
.   On  tlw  Aih  dny  of  Fcbniuy,  >n<]  on  the  6t1i  iaj  id  No- 

what  two  daj-N  of  the  jror  will  tin-  tiiD  bu  vcrticnl  to  thi'  inhab- 

llarlra»> 

.   On  th0  Ifith  day  uf  AjkU,  biuI  od  (ho  18lh  uf  Augwt. 
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1'boki.ex  XVILI.  The  hour  and  dot/  bring  giefn  m  i 
partioviar  platrn,  tojiiid  the  placet  lehcrn  tht  $uk  ii  tAcH  rijia] 
or  teliinff,  and  vtkens  il  in  noon  vr  viidnighL 

Rdle.  Rtutiiy  tlio  globu  for  tiie  latitude  of  Ihe  gird 
place ;  fiud  (by  Prub.  XVI.)  liie  jilucti  la  which  tl>«  sun  i 
vertical  at  the  giveD  tims,  and  brlog  thai  phtne  to  iho  brM 
meridian  ;  tlien  all  plaues  on  the  wei^lcrn  edge  of  the  wooda 
horizon  mil  have  the  Bun  rising ;  all  ibosc  on  ibe  ea^iern  e«]g 
will  have  him  sertitig ;  all  those  places  nndcr  the  tip|>vr  lull 
of  tlie  brass  meridian  will  have  noon ;  and  all  llioM  under  thi 
lower  half  V  tlio  bra^  meridiiui  will  bave  lauliiight. 


1.  Wheuit  i»52  rainulapost  4  o'docX  iu  Ihemoming  flilfltMtend 
the  liXh  of  Morch,  at  what  plouts  u  the  sun  then  tuing,  or  setting,  an 
w1u!re  is  it  noon  or  midnight  i 

Ammrr.  Tbc  sun  ia  nVn^  at  tbe  Whib?  Sm,HaTra,  Fetenbtirf,&e. 
teltiHg  at  the  eastern  coaft  oT  Kmatschtttka,  between  the  Piiaidlr  aw 
Surictjr  Itloiid.',  &c.  1  noon  at  Sunda  li^ands,  Cochio  China,  be. ;  mid 
nifiht  Bt  Xew  York,  St.  I>nmiiiBo,  Ike. 

2.  Vfhac  is  ihc  sun  rUiiiji,  ntlting,  Kc..  when  it  is  1  o'clock  la  ik 
Bftatiiion  at  Ixmitnn  on  the  3dth  tla;  of  .V]iril } 

An4unr.     Itiaiiig  at  IlnwHii,  &c;  uniny  at  the  l^apcof  Good  " 
Ac. ;  noon  at  Biumue  Ayrcs,  f>c. ;  and  lo  on. 

pRont-GM  XIX.  Ta  flJuiitriUe  the  lArre  poiietont  of  tk 
tphere,  right,  pnrnllrl,  and  oblique,  »o  m  to  shom  Ihir  atptet  t^ 
the  mrt,  iff.,  at  different  timet  of  the  year. 

1.  77ie  right  tphere.  The  [leople  al  the  equator  have  ibi 
splitre  ;  llie  nurlb  fwlar  star  always  appi-ars  in  tlieir  horiEisii 
To  |>b)ce  llie  nrtilicial  globe  in  this  pwtlinu,  hrhig  Ibe  t«l 
flak's  to  the  wooden  horizon  ;  uim  the  globe  roiiiu!  i  (favn  thi 
tollciwins  fuL'ts  may  lie  wmlily  illustrated  ! — 

Al  the  eijarilor.  llie  days  Rtv  always  Iwalvc  liuurs  lonig 
whatevi.T  niiiy  \hi  ihr  position  of  llii-'  sun  in  the  ecliptic;  Ibl 
thi!  e»n  and  all  tlie  hinvL-iily  IjuJics  will  ttppear  lo  rcvolvi 
nnd  tli«  <wlh  in  ctrchss  parallel  to  Uio  gqujncrtial,  aimI  tfai 
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Wbiek  is  belnw  il.  The  wliolc  of  tliti  hcavina  mny  lie  seen  nt 
[•llie  equarur  iu  tlio  cuui-ae  of  «  da; ;  and  in  llia  vuurse  of  tlie 
Lvear  all  llie  sl(u-s  in  lli<.'  iicuvens  may  liu  muii  i  wtieroa»,  at 
bIIib  [ioI«s  otiij  one  lialf  of  tbe  llt^avclla  can  be  seen.  Od  the 
rpqiiinozes  the  sun  paai'Bs  directly  over  the  heads  of  the 
^^DOpIe  at  tli«  equator ;  wlii^n  llie  sun  is  in  tlio  nortlieni  half 
^hl  tbe  ecliptic,  al  noon  his  aspt^ct  is  north  ;  and,  on  th«  oon- 
nnU7i  when  the  sun  ta  in  the  Boutherii  lialf  of  the  ecliptic,  at 
rnoon  hi*  Biipect  in  sou  ill. 

L  2.  T%e  para/Ui  iph«rf.  T|ji.'  p'-ople  nl  the  north  pole,  if 
Lften  wera  any  living  there,  wouiil  hjive  lliii  i^phere;  llie 
laorth  pohir  «liir  in  the  beavi^ns  would  appear  exactly  over 
LAw  tuaul^.  To  plitce  the  lu-iiflcial  globe  in  this  position, 
■  elevate  tb«  north  pole  %W  above  the  horizon,  or,  whut  is  the 
iMme  tiling,  make  the  equinoctial  to  wincide  with  the  wooden 
I'borison. 

P  At  At  pofct,  during  sis  months  of  the  year,  the  sun  ehinea 
Ewilliout  aettiug,  and  during  tlm  otlicri^ix  months  he  nfivcr 
uj^ioara  above  Ibe  Imnzuii.  On  tin-  '2bt  dny  of  Murvb,  when 
nba  Mtn  ii  in  tlm  vi^rnal  equinox,  he  will  bo  ieen  by  llie  people 
nt  the  north  pole  (if  thori!  were  any)  to  skim  along  the  hori- 
kyon;  and  as  the  sun  hicrvases  in  his  iiortlinm  decliimtian,  ha 
EviU  t^>pear,  day  after  day,  to  riae  higher  above  the  horizon, 
Elintit  be.  atlitins  his  greatest  northern  dedination.  (231°,)  and 
Ftticn  his  tilevaiion  above  the  horiion  will  be  231°,  that  is.  it 
Lwill  be  equal  to  his  declination  ;  oiler  tliis,  he  will  gradually 
PduereaDe  in  his  Altitude,  until  he  arrive.i  at  (he  Hutumnat  equi- 
nnx,  nhen  he  will  again  ap]>ear  to  skim  along  the  edge  of  the 
Bhpriion ;  «o  that  he  will  hnvi?  b<'en  six  mnntlis  above  liin 
^Bariuin  wilhout  sottin);;  aftor  this  he  will  totally  disnppear 
^■n*  MX  months.  But  there  will  be  twilight  until  llie  sun  is 
^fB*  twliiw  the  lioriKon, — that  id,  until  he  has  allmned  18" 
nouth  docliiiation.  The  same  thing  will  lake  phiee  with 
[msped  (o  tbe  8outli  pole,  but  witli  tliis  ditlcrcnce  ;  while  the 
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san  shines  upon  the  noHh  polf,  he  will  lie  iniisDrfe  to  Om 
eappoeed  people  ol'  tbc  euiitli  [mh,  An')  nVe  rrrwd. 

A  spiwUitor  at  tlit  north  polo  «ui  Dtilj'  «ou  tlte  ftnn  fat  tb^ 
nonhern  bumupht'i-u,  or  ihoHe  staro  which  lie  on  the  uortli  of 
tlio  eqiiiuoclial. 

3.  TXe  oUiijiic  njy/trre.  All  people  living  on  Dm  e 
escepttng  ihtfau  ni  llm  equatur  auil  poles,  have  iht*  [MMiiian  nf 
ilie  sphere.  Iii  tiiid  CiUf,  the  hofisuo  cata  the  eqmuor  4d»- 
liqueljr.  To  place  the  ai-lificial  globe  in  this  |K»il)oii,  uk 
the  north  or  south  pole,  as  the  cusc  mnj  be,  lo  the  Iat4tude  nf 
the  phice  where  we  may  i?anC4>ive  a  Bpet-tKlur  to  he  pIorH. 
Let  us  suppose,  for  esAinplc,  thai  the  north  pule  is  tiUtvalod  ta 
the  latitude  of  London. 

To  the  people  living  at  Landoo,  for  six  montlu  of  the  year, 
the  days  are  more  than  twelve  hours  long,  ami  for  the  rw 
mniriing  six  mouthit,  they  are  tesa  tliao  lwelv«  hunn  long 
that  is  to  say.  from  llie  21st  of  Marcli  to  the  22d  of  SeiittFOH- 
ber,  when  tlie  sun  la  on  the  northern  side  of  the  equinoctialf 
the  dnja  are  more  than  tweltc  hours  long;  nnil.  on  ihu  ron- 
trary,  from  the  32iJ  of  Septt^inbur  lo  ibu  21>t  of  Mnroh,  whm 
the  son  is  on  the  southern  side  of  the  equinoiaial,  the  il«y» 
are  less  than  tw.'lve  botirs  long.  At  t-be  vernal  equinox  (on 
the  21sl  of  Mnrch)  the  $un  shinits  perpf^mUculnrl}'  ovcriha 
equator,  anil  the  days  and  nights  are  eqmd  all  ovi^r  tlie  globe . 
Bs  the  sun  inereaees  in  bia  norihern  declination,  Uie  days  sIm 
^increase  in  length  ;  for  the  diurnal  arcs  dp«cribei]  by  Lbe  tna 
ore  anequally  divided  by  the  horixon  ;  when  the  sun  baa 
RKained  bia  greatest  northern  dt^clination.  (June  HiA,)  ifaii 
dsys  hiive  ul^o  ullmned  their  greatest  length  i  but  ihey  iril 
be  ut  thi'ir  shortest  to  the  people  in  the  sonlhem  hemisphere 
aAer  this,  the  «un's  northern  dfrlioation  gntdunlly  diKroonw, 
and  the  d»ys  also  gradually  deiTPBiin  in  length  t  wUro  lie 
arrives  nt  tita  autumtial  e<iiilnox.  (Sept.  22(1.)  the  days 
ui;rbia  are  ii^in  eqnal ;  aflrr  this,  lie  dayn  htti-nme  shomr 
and  sborler,  as  the  eiin'a  southern  deelinntinn  in(ToiuH«,  until 
li«  iiw  attiiincd  his  greatest  M>uihen)  deolinnlion,  {Decccnbei 
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il6l.>  and  then  the  dnys  will  bo  nt  their  »Iiorrcst  with  ti?.  bill 
I  tboir  gi-rat«»l  IcngUi  to  tht;  p»>[ilc  of  the  Bomhern  liuuii- 
;  uHnr  ihii,  our  duyit  iiiureiidc  iu  luti^li,  aad  when  ibe 
u  af^iu  arrivAs  ui  the  vt-roal  cquiuox,  tlic  days  nuil  nights 
^a  equal. 

>:  danitiun  dF  twiliglil  is  greiiter  witli  us  than  it  is  ut  the 

t«lar,  b«(»tu«e  the  diuniidaru  uf  ihu  snn  cuts  the  horiiog 

',  which  causes  him  to  lake  a  longer  time  to  gel  18' 

'  tiw  huriKon ;  wheirus,  si  the  efjiiator,  the  sun  Mtiks 

enilieuliu-ly  b'^luw  the  liuriiuit,  wliich  icniU  to  sLorleu  the 

twilight 

The  [ii!ot>lc  thut  live  in  the  nortliern  hemisphere  win  never 

Mm;  tluise  aturH  whieh  lie  towards  the  south  poliir  sinr,  anO  the 

Wple  in  the  southern  hemisphere  eaui  never  see  those  siara 

friuch  lie  towards  tlie  north  poUr  stor ;  but,  as  already  nl)> 

nred,  a  person  at  the  er[uiitor  may  see  oil  the  stars  in  the 

s  in  the  course  of  the  year. 

Pbobleh  XX.  Any  ptace  in  the  north  frigid  sone  firing 
VM,  lo  Jind  how  iimff  the  tvn  shinet  there  mtfwut  letting, 
ihtMO  long  he  in  inviwible. 
.VIE.  Beetify  the  globe  to  the  latilude  of  the  plane; 
g  th«  aseeiidiiig  sij^  uf  the  ecliptic  (the  signs  going  be- 
lt Cancer)  to  tha  norlli  point  of  the  horizoD,  and  observe 
egrae  of  the  ecliptic  is  cut  by  that  point ;  find  on  the 
I  horizon  the  day  and  month  corresponding  to  that 
;  ihcu  from  lliut  day  tlie  sun  be^s  to  shine  withoul 
,  Now,  bring  the  descending  signs  (the  signs  cnroing 
r  Cancer)  to  tiie  north  point  of  the  horizon,  and  nbswT-ti 
lI  dcgr«e  uf  the  ecliptic  is  rut  by  that  jviini ;  find  on  tlie 
~  n  biiriion,  as  l>eforG,  the  day  and  month  correepoading 
t  degree ;  then,  on  that  day.  tlie  sun  txam»  to  ^htnn 
It  setting.  By  proceeding  in  the  same  manner  with  the 
tontbem  point  uf  the  hortKoti,  wi:  may  lind  the  begirmiug  and 
md  uf  tbD  period  dohug  which  the  auu  iA  invisible. 
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Emmple-    How  Jong  vill  tlie  siin  bUiu'  without  wttilig  to  tile  1 
iunisuf  thcNortb  CHpe,mlatiIuile711''nanh? 

Anrmr.  The  Ban  be^s  to  shine  coDtmuaUy  on  the  Uth  of  Haj, 
tsiA  cctaet  to  thinG  oonliiiuMtly  on  the  SUth  oS  July.  Tlic  lon^iM  (l>| 
U,  therdbnv  77  days  long  i  that  ia  to  «ay,  tho  euu  etuoa  -without  • 
fa  77  dAfB.  The  period  (luring  wWh  the  buu  will  be  innailite  vxteajj 
ftmn  the  I6tb  of  Novetuber  to  the  27th  of  Jaavaij.  Tho  longat  night 
it,  tlierdorc,  73  days  lungi  that  is  to  wy,  the  sun  is  nerec  wen  by  lfa» 
inhuliitiuilB  of  this  plaot  for  the  period  of  73  days. 


:nrl  <if  twi- 


Pboiilkm  XXI.     To  find  the  heginain^  c 
'  liglU  at  a  givrm  plare  on  any  gtvtn  day. 

Hulk.  Rectify  the  globe  for  llie  lalitodo  of  lh«  pliiMi 
bring  the  aun'§  plaise  in  the  ecliptic  on  the  given  dnj'  to  i 
brass  mcridiiui ;  set  the  hour  circle  to  XII.;  screw  tli«  quod* 
rant  of  altitude  upon  the  braas  mcridiun  over  tliu  givijn  lati- 
tude i  t4»m  the  globe  weslward  till  the  suq'b  place  comet  W 
the  western  edge  of  ihe  woo<Jt:D  horiiton ;  tbc^n  the  hour  circltt 
will  sbow  tbe  time  of  the  suu's  setling.  or  the  beginning  of 
eveiung  twilight;  conlinue  the  motion  of  the  globw  till  t 
Biui's  place  coiiiciiled  with  18  ilegroes  on  the  qiindraiit  of  a 
tude,  b«low  tbe  lioriKou ;  ih<:n  tbe  bour  cii-cle  will  sbuw  I 
time  at  which  the  evening  twiligbt  ends.  The  duration  of 
twilighl  ia  equal  to  tlie  diHercnco  between  tba  lime  at  wlii>.^ 
it  ondii  and  tlic  time  at  which  it  begins.  Tbe  lime  at  wbirb 
evening  twilight  ends,  subtracled  from  12  will  give  tbo  Imgin^ 
Ding  nf  morning  twiligiit,  which  is  of  tbu  aame  duratioii  ■ 
ibc  evening  iwiligkL 

ExAMFi.ns. 

1.   Iteqiiircd  ilie  durotimi  of  twilight  nt  LocdnD  oa  the  !2d  of  8q 
tmibcr. 

Atttierr.    The  mm  «el*  at  6  o'cliwk,  and  twilight  imda  M  8  n'clndti 
mnxHiuciiily  the  dumtion  of  twilight  is  2  hoiim. 

1.   Kojuinxl  llio  durutina  of  twilight  ni  thuv  phuM  which  hava 
Mine  latitude  Hi  Gdiolnirgh,  on  the  21th  of  ApHl 

3.   What  in  tho  durntion  of  twilight  at  Ixnidai  on  On-  ioili  of  A|iril  i 
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I  of  (he  tntmlh,  lo  jind  iIk  laiitudt  of  thr  place. 

f  BrLE.     If  ihf  sun  waa  soutli  ol'  [lie  uboi^i-vyr  wUeu  iLe  alti- 

A  iiikco,  bring  Uie  sun's  [iliwe  in  [lie  eelijilic  lo  tlie 

de  of  liui  bniM  laeri'liun ;  iiiuvc  tlic  bru^  muridinn  till 

e  [iImw  is  miaed  above  tlio  bori£Oii  etjiial  io  lliy  givirii 

iridiiLn  altimJe ;  tbtm  Uie  elevaiion  of  tbe  uortli  pole  will 

!  the  laiiluiJe  of  the  jilace.     If  ilie  sun  wiu  nurtli  of  tlie 

net  wlien  tlie  altitude  wiis  t»keii,  proceed  in  the  aiune 

witb  llixs  exee[Jli(in,  that  ibe   sun's   jjiiice  must  lie 

Migfat  lo  ibe  norlli  bide  of  the  braas  merldiuii,  and  tlie  cleva- 

B  of  Uie  south  pole  will  give  llie  latitude  of  tlie  (iliiue. 

,   On  the  SIR  of  Juoe.  tbcmutidionaltitudearUiefliiiwiwiilMTVcd 

Kte  SSi^t  uiil  muth  of  thcobKTVcTi  required  the  lalttuilc  of  the  pUcc> 
44°  nutth  lutiiudc. 
,  Un  the  Slat  of  Du'cmbeT  the  mciidinn  illilude  of  the  min  was  6b- 
D  bo  2A°.  snil  south  of  the  obacrvet)  required  the  latitude  cf  the 

114=  nonh  Uliluilc, 
.   On  the  lOlh  of  M«j  ihc  maidian  altitude  of  the  mm  w»s  oheoTod 
■ka  S0°>  Btid  DOTth  of  theobeener;  required  the  latitude  of  the  plttc& 
4^  W  Kiuth  huitude. 

^PnoBi.eu  XXin.     To  find  the  angle  of  potition  between 

•  jtjrH  plarea. 
''  BrLX.  If  ihc  two  place*  bo  on  Ibe  same  meridian,  they 
boar  Dnrlh  and  south  from  each  otiier,  and  lliercfora  tlieir  an* 
gk  nf  puniiioii  is  0.  When  ttii;  plaeus  ore  not  on  the  Mtne 
BMrldiaii,  proueed  as  follows:  reetify  ihc  globe  ti>  the  laliludu 
c  of  Ihc  places;  bring  that  placu  to  the  brass  meridian, 
itrem  the  iiundraut  of  altitude  over  it;  move  tlte  iiimd- 
t  till  hs  edge  fulls  upon  the  oUier  place :  ttien  the  point 
rtlgc  of  tlit^  (luudront  cuts  tlic  wnodcn  horixou  will 
n  tlie  an^;!''  of  piwirion  lintwet-n  the  two  places,  which  Is  ed- 
d  in  do|;reea  from  tlie  norlli  point,  or  It  ax&y  be  reckoned 
f  tbo  point*  of  Ibe  compasa. 
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EllKTLBS. 

1.  Hoiuiiod  tie  angle  of  pik«itiou  biitwecR  Lmiikni  kud  MailnB- 
iliMKwr.     90°  bom  The  nuith  towards  the  east- 

2.  Required  the  anglf  of  pgsiiiou  lictween  Iiondun  inil  Junuca. 
/Iniifln-.    The  quadrant  of  allituda  tniie  upua  tlw  wuiit  puial  of  ijil 

huTuou  ;  the  angle  of  positioD  u  90°  from  the  north  tuwurdu  Uui  w 
8.   What  IB  the  angle  of  poeiticin  between  Madrid  and  PhUadeliA 


pROBLF.M  XXIV.      Titjind  all  the  plarei  to  whirk  a 
eclipae  >a  vi^iUe  at  a  given  tmlunt. 

KcLE.  Find  (liy  Prob.  XVI.)  ibe  place  U>  whkli  tlxi  nut 
ia  Ttrtiunl  nt  the  given  time ;  biing  the  place  lo  the  bras* 
ridiaii,iind  irctity  (lie  glul>t!  to  llie  lalitude  of  Mint  [ilacc;  ibea 
at  hU  places  wJtliiu  70  degrees  of  tliis  jilacc  un  ecliititc  oT  (b« 
eiin  wwiy  \k  visible,  e«j>cciatly  if  it  be  a  loial  eclipse.  For  • 
lunar  eclipse,  nl\er  proceeding  as  before,  eet  the  buur  drole 
XII.  noon  ;  turn  the  globe  till  tlie  hour  circle  ie  at  XIL  ttiA- 
night;  then  an  eclipse  of  the  moon  will  be  visible  t« 
pluees  which  are  above  the  wooden  horizon. 

ElAMPLU. 

1.  Thrte  ivu  on  eclipse  of  the  sun  im  the  9th  of  Ortobtr.  IB(T,  ntSB 
minutis  past  7  o'clm'k  in  the  mormng,  at 
it  be  TiiiUe  ? 

Antvwr.    To  lEndortiin.  Arulria,  &c. 

3.  An  eelipH,'  of  the  moan  look  place 
M  6  u' clock  in  tlio  aftL-niDini,  at  Lundun  j 

Antieer.     Eurotir,  Aiua,  AuKtralin,  anil  a  poitioa  of  Africa. 
8.   An  wlijBO  of  the  niuun  twik  pluip  on  the  3 1st  of  May,  ISH,  ■■  B9 
mioutie  pitat  Id  in  the  evening,  at  Ixmdtin ;  to  whnt  places  was  it  Tnfldof 
Amiett.    Europis  Africa,  and  a  portion  uf  Asia. 

4.  Ad  crlipM  of  the  nuxm  will  take  plan' on  tiicTth  of  Jamurj,  lit' 
al  no  minutes  post  6  tn  the  maming,  at  London ;  to  what  pUcw  wfll  1^ 
btfirilJc* 

Aniimr,     Viable  nt  T^ondon,  Ac. 

PbobI,km  XXV.     To  place  lie  Urrenfriai ghht  in  (t« 
shinK,  $f>  that  it  may  ri^retent  lAs  actual  pwition  of  At 
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rRcLK.     Place  tli«  globo  dirocily  norili  tuxl  south,  by  meana 

I  thd  miiriiicr'ii  eompaM  usually  plucod  lieiK^ot)!  Uie  globe, 

Vng  cunt  lo  bring  tbu  north  jiule  at  tlie  ueuiUe  24  Uegret^ 

B  west  of  the  norlb  [loiiit  of  ibe  uompaf^,  wblcfa  ia  the 

iwancc  HI  present  for  the  varlmion ; "  bring  tlio  place  where 

e  living  U)  ibe  brass  meridiun,  anil  clevule  Ihti  pole  to 

I  latitudf :  then  the  globe,  witb  ilM  various  Hne^,  Sea.,  wilt 

espond  in  every  respect  with  the  {Kieilion  of  the  cnrth,  and 

I  imngintiry  lines,  kc,  upon  it,  with   respeut  to  the  sun. 

E  point  to  which  ibe  sun  is  vertiutil,  the  illuminated  hetni- 

!,  Ice,  may  all  be  at  once  delcrmined. 

'boslem   XXVI.      To  comtruct  a  horizontal  dial  by  (ha 
»  far  a  givm  latittidit. 

Plnce  the  globe,  as  in  the  last  jimblem,  directly 

Miuih ;  rectify  the  globe  to  the  Itililude  of  the  place; 

>  the  first  raoridian  to  ihu  bmiis  mendioii  t  ilicn  observe 

i  poliita  where   the    hour  meridians  ou  llie  globe  col  the 

IriKon,  And  number  these  poinla  according  to  the  hours  of 

p  ia,j ;  thus  the  point  of  the  dial  at  the  brass  mnridian  must 

^numbered  XII.,  thence  XI,,  X.,  &o.,  towards  the  west  for 

I  morning  hoiir^,  and  I.,  II.,  &c,  for  the  evening  hours. 

style  of  the  dial  represents  the  axis  of  the  earth,  and 

t  therefore  always  make,  with  the  plane  of  the  horixon, 

a  plane  of  the  dial  plate,  an  angle  equal  to  the  latitude 

epUce. 


THE  CELESTIAL  GLOBE. 

DEFINITIONS  AND    EXPLANATIOKS. 

,  Tlie  eelfUi'al  i/loba  is  comtnicled  to  represent  the  aopcct 
(be  hesTi'tis ;  alt  the  stars  are  laid  down  on  it«  surface  ao> 
iiling  lo  ihcir  relative  situations ;  and  the  various  imaginary 
il  points  upon  the  Icrri^slriat  globe  are  auppu^ed  \a 


I      KATUKAE  urn  txrwuMBSTAE  ymtosopffr. 

tw  tmiufefrvd  lo  tiie  c<.-leslii^  cine.  Tlie  roUttury  motion  of  ihld 
g\o\m,  rrom  e^t  lo  wmU  cepresente  llif!  appctreni  diurnal 
tDotion  of  ihc  sun,  aiooii,  and  stars,  to  a  $pccuiior  sappmwd  M 
be  utimted  in  tlie  ccnu'e  of  llie  globe. 

2,  77u  laliliiile  and  Uingitudt  of  a  tKir  or  ftl4BiL^The 
latitude  of  s  body,  on  ilie  cvluslial  globe,  is  its  distiuitn  from 
Ifao  ech'ptic,  north  or  south,  mensuri^il  in  degrwca  on  «  f 
cirdc  panning  tbrtiugh  ttic  body  and  ihr  pole  of  Lli«  ecltplirt 
and  the  longitude  is  ibe  dIsiaDcu  of  the  point,  where  Uiti  penat 
cirole  cuts  the  ecliptic  from  the  flr5t  point  of  Aries.  Lotilodo 
and  longitude  are  refeiTtid  to  the  eidiptic,  on  the  cdcstial 
globe,  but  on  the  terrestrial  globe  ihey  are  referred  ut  the 
equator. 

8.  7%e  deelinatioH  and  right  aieenttan  of  a  heopenhf  hody.— 
Tlie  declination  of  a  body  in  its  distance  from  (he  iiiiuinoctial, 
north  or  xoutli,  measured  io  degrees  on  a  tueridiaa  passing 
throiigh  the  body  ;  and  the  right  aacension  is  tlie  distance  gf 
the  point  wlicre  this  meridian  cuts  the  equinoctial,  from  tlia 
first  point  of  Aries.  Thfi  right  ascon«ion  of  a  l>ody  is  tom^ 
times  expnjssed  in  hours,  making  the  iiiual  allowunce  uf  oog 
hour  of  timo  for  15  degrees  uf  diataiiue. 


PROBLEMS  ON  THE  CELESTLU.  OLOBZ 


PnoltLEM  I.  To  fndlhr  right  aiceaniuu  and  deeUnoHiM 
of  tkt  ttut  or  of  a  ttar. 

ItifLE.  Bring  thf  sun's  plai^,  or  the  given  star,  t^i  the 
brass  meridian ;  the  degree  over  it  is  the  declination,  and  the 
drgree  on  the  equator  cut  bji  the  brass  meridian  givos  thA 
right  ascension. 

ExAuri-Bs. 


I,  Iteqnued  llic  ri;-bt 
■oivnvUntion  of  the  Lion. 

Aatarr.     lUght 
Koquired  the  nglit 


[1  sad  deulinatioo  of  l{«gii]m  tn  tlM 


jO".  dccliii&tian  IJ*  41'  nottfc. 

aad  decUnktioa  uf  tlu  foUmtinit  *>■■■  = -~- 
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2.  CiqieUa»  in  the  oonstellatioii  of  Auriga;  3.  Dubhe,  in  the  oonstel- 
lation  of  the  Great  Bear;  4.  Aldebaran,  in  the  constellation  of  Taurus; 
6.  Arcturus,  in  the  constellation  of  Bootes. 

Afuwen,    (2.)  Kight  ascension  76^,  declination  45^  49'  N. 

(3.)  Kight  ascension  163<>  15',  declination  S'i^'  36'  N. 

(4.)  Right  ascension  66^»  declination  16^  10'  N. 

(5.)  Kight  ascension  212^  declination  20<'  3'  N. 

Problem  IL  The  right  ascemion  and  declination  of  a 
heavenly  body  being  given^  to  find  its  place  on  the  globe. 

Rule.  Bring  the  given  degree  of  right  ascension  (or  the 
given  time  of  right  ascension)  to  the  brass  meridian;  then 
under  the  given  degrees  of  declination,  reckoned  on  the  brass 
meridian,  joa  will  find  the  place  of  the  body. 

Examples. 

1.  Required  the  star  whose  right  asccnsUm  is  76^  45',  or  5  hours  7 
minutes,  and  declination  8^  24'  south. 

Answer.  Rigel,  a  star  of  the  first  magnitude  in  the  constellation  of 
Orion. 

What  stars  have  the  following  right  ascensions  and  declinations  ? 

RiKht  AiKonRioDS.  Declinations. 

2.  261<>  30'  or  17  h.  26  m.  62°  26'  N. 

3.  6  h.  38  m.  16°  29'  S. 

4.  19  h.  43  m.  8°  2G'  N. 
6.                        7h.  36  m.                  28®  26' X. 

Annoen.  (2.)  /9,  a  star  of  the  second  magnitude  in  the  constellation 
of  Draco ;  (3.)  Sirius,  in  the  Great  Dog ;  (4.)  Altair,  in  the  Eagle ; 
(5.)  Pollux,  the  south  twin. 

Problem.  III.  To  find  the  latitude  and  longitude  of  any 
star. 

Rule.  Bring  the  pole  of  the  ecliptic  to  the  brass  merid- 
ian ;  fix  the  quadrant  of  altitude  over  the  pole,  and  move  the 
quadrant  till  its  edge  comes  over  the  star ;  then  tlie  degree  of 
the  quadrant  over  the  star  is  the  latitude,  and  the  number  of 
degrees  between  the  edge  of  the  (|uadraiit  and  the  fii'bt  point 
of  Aries  U  the  longitude. 
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ESAKPI.ES. 

1.  What  b  the  Islitude  and  tongiiude  of  Aididbuan,  in  the  eiBttd 
tion  of  Tounia  ? 

Aiuieer.     Lulitude  a"  SH'  S.,  longitude  3  «gm  6°  &3'. 

2.  Whal  is  the  latitude  and  longitude  nf  Pollux,  In  the  coan^OH 
of  Gemim? 

.liwuw.    Lat.  a°  30'  N..  long.  3  mgns  21°. 

PuoBLEU  rV.  The  day  and  hiyur,  and  Me  latilttde  of 
plact,  being  given,  to  place  tke  reUstial  gloh«  so  lu  to  rvpru 
tha  appearance  of  ihe  heavens  at  that  place  and  timf. 

BcLR.  Place  ihe  globe  north  and  south,  by  the  tunrin«r'( 
compaes  ;  rectiiy  the  globe  to  tbe  latitude  of  the  place  i  brit 
tim  sun's  place  in  the  ecliptic  la  ihe  bra^s  meridian :  fi«t  tl 
hour  circle  to  XII. ;  turn  tlm  glube  till  the  index  of  tlw  hoi 
circle  points  lo  tho  given  hour  of  the  ilay ;  then  in  this  pm 
tion  tlie  stars  figured  on  the  glohc  will  exactly  eorre9[K)nd 
the  actual  appearance  of  the  stars  in  the  heavens. 


Froblkm  V. 
place,  being  give 
culminaliitq. 


The  dtiy  and  hmr,  and  the  latitat*  «f  i 
'.,  to  Jtnd  kIiiiI  tlar$  are  riting,  tetting,  ai 


Rule.  Rectify  the  globe  for  the  latitude  of  the  phuw 
bring  llie  sun's  place  to  tho  brass  meridian  i  put  the  hour  cir 
cic  to  Xil. ;  turn  the  globe  till  llie  hour  circle  iitiicaloa  thi 
givi^n  hour  of  the  day  g  then  all  the  stars  on  the  ensteni  Mini 
cin^le  will  be  rising,  those  on  the  western  semieircle  will  b 
eeUingi  those  under  the  brass  meridian  will  bo  cnlminaliog,  oi 
in  their  eoutiiing,  anO  those  stare  above  the  woodon 
will  be  visible  at  the  given  time  and  place. 

To  determine  those  stars  which  never  set,  turn  the  globa 
on  its  axis ;  then  those  stars  which  do  not  go  below  the  wood- 
en lioriEon  never  set  at  the  given  {ilnce. 
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The  ooiuUUiition   of  Ljra,  &c.,  are  ri"in({ ;   Andromrd*. 
k  arc  wtdnei  anJ  tlic  Urmt  Bear,  &?.,  ore  on  tho  niiTidian, 
'.  To  lliiil  the  lUn  which  an  rieiDg,  setting,  and  culuiiuating,  on  the 
K«f  Felxuoiji  al  0  o'l-tock  in  tbe  evening  at  London. 

A  ttBi  in  the  Northeni  Cn>wa  is  liting ;  Aictums,  in 
fiootOi  ii  *  little  lime  the  homoo  ;  Sinus  is  on  the  meridian ;  MBilcal\ 
in  I't^miH,  a  Uttle  bulow  tbe  n-eetcni  homoo. 

PaoiiLKn  VI.     To  jind  the  lime  whtn  any  heavenlif  bod;/ 
lu  to  tie  meridian,  and  set,  on  a  parlieular  day, 
»y  yif^en  place, 

Reclify  tlie  glolie  for  (he  latitude  of  the  place; 
bring  tbe  fluu'a  plai-e  iu  ibo  ecliplic  lo  tbe  brass  tneridiun ;  act 
Ibe  hour  circle  to  XII. ;  turn  tbe  globe  till  the  given  slar* 
comes  to  the  eastern  edge  of  tbe  voodeD  horizon ;  then  the 
hour  circle  will  fabow  ihc  lime  of  rising;  now  turn  the  globe 
till  the  atac  comes  to  the  brass  meridioo,  and  the  hour  circle 
will  show  the  time  of  its  cuIminaLiou  or  eotilhing;  lastly,  turn 
tbe  globe  till  the  star  oomea  to  tbe  western  edge  of  the  wooden 
borizOD,  aod  the  hour  circle  will  &ltow  tbe  time  of  selling. 

,t  vhal  time  will  Antuius.  in  the  coniilellation  of  BoOtes.  Hmv 
inauv  uid  ivi,  ni  l/indim  nn  the  7lh  of  !^cpteinhn } 

Aicturus  will  fine  at  nlmul  n  quaitfT  pwit  7  in  thr  nioniiiig, 
inato  u  a  qoinCer  put  'i  in  tfac  aflvrnuan,  and  H-t  at  \bnv  iiuoitnn 
0  at  nigbt. 

.t  wlut  time  will  AldcWan.  in  ihc  conitcllaliaa  of  Tuurua.  nae. 
It  Edialiuriih  on  the  3'!th  uf  XDTcmtiCT  * 

«■  M  about  luiU  put  1  in  the  siltmoaii,  ftc. 

■bobleh  VII.     The  day  of  thf  month,  the  latitude  of  the 
r,  and  l&e  a&itadg  of  a  itar  btiny  given,  to  Jind  the  hour 
night. 

BtJLi:.     Rpclify  the  ^\a\\^'.  for  the   Inlitude  of  the  pljici; 
k^  tbo  GUu'a  phwe  in  the  ecliptic  to  the  bnua  meridian  ;  set 


■  Tha  pluc  of  a  plinM  on  iho  ^iobt  m 
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the  hour  circle  to  XII. ;  screw  the  quadrant  of  altitude  to  the 
zenith,  and  turn  it  to  that  side  of  the  meridian  on  which  the 
star  was  observed ;  move  the  globe  and  the  quadrant  tiU  the 
star  is  on  the  degree  of  the  quadrant  equal  to  the  given  alti- 
tude ;  then  the  hour  circle  will  show  the  hoar  required. 

Examples. 

1.  At  Rome  on  the  2d  of  December,  the  star  Capella,  in  the  constella- 
tion of  Auriga,  was  observed  to  be  42^  above  the  horizon,  and  west  of 
the  meridian ;  required  the  hoiir. 

Anttoer,    Five  o'clock  in  the  morning. 

2.  At  London  on  the  29th  of  December,  the  star  Dcneb,  in  the  tail 
of  the  Lion,  was  found  to  be  40^  above  the  horizon,  and  east  of  the 
meridian ;  required  the  hour. 

Answer,    About  a  quarter  past  2  o'clock  in  the  morning. 

Problem  VIII.  Given  the  year  and  the  doy^  to  Jind  the 
place  of  a  planet  on  Hie  globe. 

Rule.  Bring  the  sun*s  place  in  the  ecliptic  to  the  brass 
meridian ;  set  the  hour  circle  to  XII. ;  find,  in  the  Nautiral 
Almanac,  the  time  when  the  planet  passes  the  meridian  on  the 
given  day,  and  turn  the  globe  till  the  index  of  the  hour  circle 
points  to  the  hour  thus  found;  find,  in  the  Almanac,  the  dec- 
lination of  the  planet  for  the  same  day ;  then  under  this  decli- 
nation, found  on  tlie  brass  meridian,  is  tlie  place  of  the  planet. 


EXPERIMENTAL  CHEMISTRY. 

Section  L 

natubr  op  chemistry.  simple  and  compound  bodies, 
attraction.  chemical  affinity.  nature  of  acids 
and  alkalies.    solutions. 

nature  of  chemistry.    simple  and  compound  bodies. 

1.  Chemistry  is  that  science  which  treats  of  the  proper- 
ties of  the  simple  substances  composing  the  globe,  and  of  the 
Tarious  compounds  resulting  from  their  action  upon  each 
other.  So  far  as  our  present  knowledge  extend<»,  there  are 
sixty-two  simple  or  elementary  substances,  which,  uniting 
with  each  other,  form  the  vast  variety  of  substances  found  in 
the  earth,  the  air,  and  the  waters  of  the  ocean  and  rivers.  A 
simple  substance,  do  with  it  what  we  may,  will  not  yield  any 
other  kind  of  substance  ditferent  from  itself.  Thus  iron  is 
considered  to  be  a  simple  body,  because  we  can  only  obtain 
iron  from  it,  A  compound  body  contains  two  or  more  simple 
substances  in  a  state  of  chemical  combina- 
tion. Nearly  all  the  substances  in  nature 
are  compounds.  Sulphur  and  iron  are 
simple  substances,  but  they  combine  and 
form  a  compound  substance  called  sul- 
phuret  of  iron. 

Experiment,    Take  some  iron  filingn  and  mix 
them  intimately  with  about  half  their  weight  of  p.     , 

sulphur ;  put  the  mixture  into  a  test  tube,  and 
apply  the  flame  of  a  spirit  lamp ;  at  the  same  time  close  the  mouth  of 
the  tube  with  the  fore  fin^,  to  exclude  the  air :  the  iron  and  sulphur 
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Odmhine  with  ignitioiC  fofming  the  compound  of  snlphoret  of  iron  — a 
black  substance  entirely  different  fiom  either  the  iron  or  sulphur. 

2.  Elementary  substances  are  usually  divided  into  two 
classes,  namely,  metallic  and  non-metallic.  The  following  list 
comprises  some  of  the  most  important  elementaiy  sabBtaocea  :— 

Ifan-metaUu:  ElenwnU. 

Oxygen,   ^  gi^ges  found  in  the  atmosphore. 
Nitrogen,  > 

Hydrogen,  Chlorine,  Carbon,  Sulphur,  Phoq>hanis,  Iodine,  Anenic,*  fte. 

Metali. 

Potasnum,  the  metal  which  forms  potasBa  by  comKntng  with  oxygen; 

Sodium,  the  metal  which  forms  soda ; 

Calcium,  the  metal  which  forms  lime ; 

Magnesium,  the  metal  which  forms  magnesia ; 

Iron,  Copper,  Zinc,  Tin,  Lead,  Manganese,  Chronuum,  Mercury,  Silver, 

Gold,  Platinimi,  &c. 

3.  There  are  many  substances,  which,  although  they  appear 
simple,  are  in  reality  of  a  compound  nature.  Thus  water  is 
a  compound,  being  made  up  or  composed  of  oxygen  and  hy- 
drogen ;  the  air  is  chiefly  a  mixture  of  oxygen  and  nitrogen ; 
common  salt  is  a  compound,  containing  chlorine  and  sodium ; 
and  80  on  to  oiher  cases. 

DIFFKRKXT   KIXDS    OF   ATTRACTION. 

4.  Attraction  is  one  of  the  distinguishing  qualities  of  ma- 
teri<al  substances.     There  are  various  kinds  of  attraction. 

Attraction  of  gravitation.  —  A  stone  falls  to  the  ground  in 
consoquen<!C  of  the  eartli's  attraction,  and  the  planets  in  the 
solar  system  are  maintained  in  their  orbits  round  the  sun  by 
the  attractive  force  which  he  exerts  upon  them.  This  is  called 
the  attraction  of  gravitation,  and  it  subsists  between  bodies  at 
ull  dt'finite  distances  from  each  other. 

5.  Jfa(/)i4ffir  attraction.  —  This  is  familiarly  exhibited  in  the 
attraction  whieh  the  |K)les  of  a  magnet  have  for  sod  iron. 

6.  Electrical  attraction. 

Experiment.    If  a  stick  of  scaling  wax  (or  a  glass  tube)  be  rubbed 
*  Arsonic,  usually  classed  with  mctal«,  is  properly  a  metalloid. 
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■harplr  with  a  dzy  silk  handkerchief,  the  sealing  wax  will  attract  small 
cuttings  of  light  paper.    This  is  called  electrical  attraction. 

7.  Attraction  of  cohesion. 

Exp.  1.  If  an  apple  be  cut  in  two  with  a  sharp  knife,  the  pieces  may- 
be put  togtither  so  as  to  adhere. 

Exp.  2.  Take  two  bulls  of  lead ;  scrape  a  clean  portion  in  each  ;  bring 
the  clean  parts  in  contact,  and  rub  the  balls  together  by  giving  them  a 
circular  motion  :  they  stick  or  cohere  together. 

Exp.  3.  Two  polished  plates  of  metal  placed  together  require  consid- 
erable force  to  separate  them. 

The  force  manifested  in  these,  experiments  is  called  the 
attraction  of  cohesion,  or  adhesion.  The  minute  particles,  or 
molecules,  of  which  bodies  are  composed,  are  held  together 
by  the  attraction  of  cohesion  subsisting  amongst  these  parti- 
cles. Bodies  are  solid,  liquid,  or  aeriform,  according  as  the 
force  of  cohesion  is  modified  by  heat. 

8.  Capillary  attraction  is  a  peculiar  form  of  cohesion. 

Exp.  1 .  Plunge  the  extremity  of  a  small  glass  tube  in  water :  the  fluid 
rises  within  the  small  bore  of  the  tube. 

Exp.  2.  Place  a  piece  of  lump  sugar  on  a  few  drops  of  water :  the 
jQuid  rises  through  the  fine  pores  of  the  sugar. 

CHEMICAL   ATTRACTION,    OK   AFFINITY. 

9.  Ilowever  intimately  the  sulphur  and  iron,  in  the  experi- 
ment Art.  1  may  be  mixed,  we  can  only  by  this  means  pro- 
duce a  mechanical  mixture  of  the  particles  of  the  two  sub- 
stances ;  but,  after  chemicul  combination,  there  is  no  trace 
left  of  either  the  sulpliur  or  the  iron.  Chemical  affinity  dif- 
fers, in  certain  respects,  from  all  other  kinds  of  attraction.  It 
resembles  cohesion,  inasmuch  as  it  subsists  between  tlie  par- 
ticles, of  matter  and  holds  them  together ;  but  while  cohesion 
takos  place  between  particles  of  the  same  sort,  affinity  is  ex- 
crt<»d  between  the  particles  of  different  kinds  of  matter;  and 
while  cohesion  produces  no  chanjre  in  the  properties  of  a  sub- 
stance, affinity  is  almost  invariably  attended  with  a  marked 
change  in  the  appearance  and  other  properties  of  the  sub- 
stances forming  the  compound.     All  chemical  changes  are 
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prodiin^d  bj;  nlliniljr,  or  rhemical  attmclion.     Oombiualloo  ami 
I   <lciM)m position  are  the  results  of  nhemicul  uiicion. 

Citmbijtation  lakes  p]ace  when  |iariicle9  of  difler»ut  kind* 
if  tnttttcr  unite  and  form  a  new  substauce. 

Tkcompositian  lakes  place  wlien  a  subslance  is  resolTod  into 
theilifferenlkindaof  motterof  wliichit  iij  composed  or  mode  up- 

ElFRRIMErm. 

1.  To  a  glniB  of  water  add  n  little  ail :  the  <it  floatt  upon  the  tnttr, 

[   but  do«s  ntit  combine  with  it.     Water,  ^enSote,  has  no  nlfitiitf  tat  oO. 

uumaiua  ;  stir  the  mixture  with  n  ginn  rod  r  tht-  nil  sad  the 

ttmnonin  combine,  and  tbno  o  soupy  auUtunce,  coUid  a  liniment.    09 

■nd  unmoniB,  therefore,  have  ou  allioity  for  each  othir.    This  i*  •  tME 

of  airoplo  Dombiiiatioa. 

8.  To  tho  soap;  compound  in  thr  lost  OEperiment  add  n  few  dmja  <S 
sulphuric  acid,  (c^  of  vitriol ;}  tho  ammonia,  having  a  grcalO'  affinity 
for  the  sulphuric  oddi  quite  the  ail,  and  combines  with  the  aod,  fonnilig 
the  BiilphiUe  of  ammonia :  the  oQ,  bisng  «et  free,  again  flouU  upon  th* 
nirfhce.  Thin  is  a  clue  of  o)ni]iu^tiou  a»  wcU  as  of  decompostim :  it  l< 
Iherdbre  on  instance  nf  what  is  colled  tingl*  tieative  aginUy. 

t,  Di»alTC  fame  acetate  of  lend  (sugn  of  load)  in  a  gloaa  of  >r>t«r  i  * 
odd  a  (Hv  dnpa  uf  nilpliujii;  nuid :  a  white  compmmd  of  lulphurio  odd 
■nd  oxide  of  lead  is  preciiniatcd,  or  falls  to  the  bottom  of  the  glMk 
This  la  also  a  case  of  tiinglc  elective  afSnitr. 

9.  To  a  solution  of  acetate  of  lead,  add  a  tbw  drops  of  a  lalliti'll  ot 
milphalGof  toda,  (OlaubtrssltH:)  sulphate  of  lead  is  prcripitatod,  a*  in 
thu  last  experiment,  and  acnate  of  soda  nmains  in  solutian.    Hare  Ibvt 

I    is  a  mutual  interchange  of  subelancta :  hence  it  is  called  a  cose  ctf  dooUr 
I    lectin  affinity. 

10.  Compoaitioits,  aa  wi;ll  ns  dcconiposiitions,  nn;  tnnlinunllj 
going  on  in  ilie  processes  of  art  and  nature.  A  piecfc  ofduilk, 
(carbonate  of  lime,)  heat«d  to  rcduosa  in  th«  fire,  ^es  oS  a 
snbslaoce  coiled  carbonic  acid  gas,  and  quick  lime  is  loft. 
When  charcoal  (the  carbon  obtained  fnim  wood)  is  burned 

I  away,  the  oxygen  in  the  air  combines  with  the  carbon  or  dior* 
cool,  Hnd  forms  carbonic  acid  gas,  wUicti  U  of  course  llirowo 

I  into  tlio  air,  and  ta  thus  apparently  lost;  but  there  is  no  sacb 
thing  as  destruction  or  an  tii  hi  Jul  ion  In  nature,  for  snbflUnca 

nj  lubianac  ki  tUMolvnl  la  »tc>.  h  !■  ciJInl  ■  luluUan  uf  Hut 
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can  onlj  change  their  form  of  combination.  When  a  piece 
of  lump  sugar  is  dissolved  in  water,  the  sugar,  although  no 
longer  yisible,  is  not  destroyed;  it  has  combined  with  the 
water,  forming  a  solution  of  sugar.  In  like  manner,  we  are 
able  to  explain  all  other  changes  of  form  which  bodies  un- 
dergo around  us. 

11.    HATX7BE  OF  ACIDS   AND   ALKALIES* 

ExPERDmns. 

1.  Add  a  few  drops  of  sulphuric  acid  to  a  glsfls  of  water;  taste  the 
diluted  add :  it  is  sour  or  acid  to  the  taste.  Add  a  little  of  the  vepetabh 
blue  liquor  of  red  cabbage  *  to  a  glass  of  water ;  add  a  little  of  the  diluted 
sulphuric  add  to  tins  blue  solution :  it  is  changed  to  a  red  color.  The 
same  ezi)eriment  may  be  performed  with  any  other  acid. 

Thus  acids  are  sour  to  the  taste,  and  change  vegetable  Ihie 
colors  to  red. 

2.  Ammonia,  potassa,  and  soda  are  the  most  common  and  important 
alfcalifw.  Add  drop  by  drop  of  a  solution  of  ammonia  to  the  red  liquor 
of  the  last  experiment,  imtil  the  red  color  is  changed  to  a  greenish  Uue. 
Taiiite  the  liquid :  it  is  no  longer  sour  or  add.  Add  now  more  add,  drop 
by  drop,  imtil  the  red  color  is  restored ;  and  so  on. 

Thus  alkalies  neutralize  the  effect  of  acids,  and  change  tJie 

vegetable  Hues  to  green. 

Blue  slips  of  paper,  stained  by  litmast  are  commonly  used  to  ascertain 
when  an  alkali  exactly  neutralizes  an  add. 

3.  To  liquid  ammonia  add  sulphuric  add,  imtil  a  slip  of  blue  litmus 
peper,  dipped  into  the  mixture,  is  about  to  change  its  color  to  red.  This 
is  a  solution  of  sulphate  of  ammonia.  Here  the  sulphuric  acid  combines 
with  the  ammonia,  and  forms  the  sulphate  of  ammonia,  the  name  of  the 
compound  being  formed  so  as  to  indicate  its  composition.  In  like  man- 
ner, carbonic  add  united  to  lime  forms  the  compound  of  carbonate  of 
lime ;  and  so  on  to  other  cases. 

In  the  same  manner  various  other  salts  may  be  formed. 

4.  Take  a  smaU  bit  of  phosphorus;  set  fire  to  it  upon  a  piece  of  glan 

•  This  is  simply  prepared  by  boiling  common  red  cnbbage,  cut  into  mnnll 
pieces,  for  a  short  time,  in  no  more  water  than  is  just  suffident  to  cover 
them. 

t  litmus  is  a  Tcgetable  Uue. 
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n  platted  in  tlic  centre  nf  >  common  plnlr,  anil  iimni^lotGlj  oowi 
wiUi  a  lurge  dry  glow.  The  jiliwiihoruK.  m  il  bums,  «aiih(iu»  wllh 
uxyijeii  ut'  the  aii.  auil  thus  lumiii  pbinphorji-  auid.  which  |iu*  la  wl 
Hakia  within  the  glasn,  mid  fiiiully  falls  upon 
tiie  (date  like  snow.  Theso  flaJies  hove  b  Bna 
Bcid  lubte.  Afler  the  igniliDn  has  cpiised,  puur 
U  lilUu  water  DD  the  plate :  thui  diawWeB  Ihu 
Uiikui,  and  a  solution  of  the  add  ia  obtainifd. 

Thin  acid,  comhimng  with  ammoma,  romu 
phiwiihatc  of  ammonia ;  with  soda,  it  fiiniis 
phas]ihatG  of  Boda ;  witli  Uiae  it  fbrrma  pbiw- 
phat«  of  lime,  (which  \e  the  principal  com- 
ponent of  bones  1)  and  m>  on. 

fi.  Bum  sulphur  aflei  the  manner  described 
in  the  last  experiment.    Here  the  culpliur,  at  it  faumt^  cmnlaiiea 
OTjgeu  in  the  air,  and  fonna  9ulphutou»  acidi  whith  riMv,  in  t 
of  a  coludesa  gas,  into  the  interior  of  the  glsai.    Put  a  vicdct  Or/* 
piece  of  litmus  paper)  into  the  glaiE :  the  culor  in  diucburged.    A  Utds 
water  poured  into  the  plate  diMulvee  the  goa. 

By  a  peculiar  modilicfltion  oT  this  pmcFsi  aulphurie  ncid  b 
which  is  a  more  powerful  acid  than  sulpburuu^  acid,  in  cansajucooc  uf 
oantaining  more  oxygen. 

BOLUTIOSS. 

12.  When  a  sub«lanc«  dissolves  in  water,  the  substanis  is 
said  It)  l>e  Holuble,  and  wu  obtain  a  ^olulioii  of  it.  The  soht- 
lion  of  tiotlies  in  liquida  preataU  us  witli  the  most  eimplo  can 
of  chemical  attraction.  Water  readily  combines  wItJi  sugar, 
~  comniou  salt,  suliihuric  ncid,  aliiohnl,  tec. ;  anil,  on  thv  contmr]', 
it  shows  DO  tendency  lo  unite  with  oil.  i^tlier,  &,a.  Camphor 
RBdily  disaolvi^  in  itlmhol,  liul  it  in  aliimsl  iiiHolublc  iu  traits. 
The  pi-ooesB  of  solulion  is  much  accelerated  by  heal  and  agi- 
tation. In  order  to  obtain  a  conci-mmted  solution  of  fomo 
Huhstanrcs,  the  liquid  iiiusL  be  boiled  in  a  cnratnon  oil  flafck  for 
eome  time  wiUi  the  suhatance.  Lime  ia  siwrincly  snliible 
water ;  yet,  if  a  little  litne  be  added  to  dJHtilled  waiter, 
tulBciiint  portion  will  bo  di*sol»i.d  lo  indicstii  the  pmseuue  uf 
limu.  DifililliHl  or  fWK  wMur  sliould  Im  iihiI  for  makiue 
witilioiia;  howevoTi  in  most  caaes.  dean  rain  water  wlO  do 
Y  well. 
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EXPEBIMEXTH. 

1.  Add  a  small  piece  of  camphor  to  alcohol  or  Bpirita  of  wine ;  stir 
the.mixture ;  the  camphor  is  Boon  dissolved,  and  a  clear  solution  of  cam- 
phot  in  alcohol  is  obtained. 

Pour  a  little  of  this  solution  into  a  glass  of  water ;  the  alcohol  unites 
with  the  water,  and  leaves  the  camphor  floating  upon  the  siirface. 

2.  Add  a  little  lime  to  a  bottle  of  rain  or  distilled  water ;  shake  it 
up ;  and,  after  corking  the  bottle,  set  it  aside  until  the  particles  of  hme 
have  settled  to  the  bottom :  poiir  some  of  the  liquid  into  a  glass,  and  a 
dear  solution  of  lime  is  obtained. 

8.  Dissolve  a  little  carbonate  of  potassa  (pearlosh)  in  a  glass  of  water ; 
a  dear  solution  of  the  salt  is  thus  obtained ;  add  a  few  drops  of  this 
solution  to  lime  water:  it  becomes  milky,  owing  to  the  formation'of  car- 
bonate of  lime.  Here  the  carbonic  acid,  having  a  greater  affinity  for 
lime  than  it  has  for  jMtaasa,  combines  with  the  lime,  and  leaves  the 
potaasa  in  solution.  The  carbonate  of  lime  is  said  to  be  precipitated ; 
that  is,  it  fidls  to  the  bottom  of  the  glass,  owing  to  its  being  nearly  in- 
soluble. 

4.  Breathe  through  a  tube  into  a  solution  of  lime  :  a  milkiness  is  pro- 
duced, owing  to  the  formation  of  carbonate  of  lime.  Here  carbonic  acid 
gas  is  expired  from  the  lungs. 


Section  E. 

familiar  experimental  illustrations  op  the  prop- 
erties and  compocn^)s  of  some  of  the  most  im- 
portant simple  substances. 

carbon.    carbonic  acid  oa8. 

13.  When  wood  is  burned  (as  is  done  by  the  charcoal 
burners)  in  such  a  manner  as  to  exclude  the  air,  it  i»  convert- 
ed into  wood  charcoal^  which  is  nearly  pure  carbon.  The 
diamond  is  perfectly  pure  carbon  in  a  crystallized  form.  Com- 
bined with  other  substances,  carbon  is  found  in  vegetable, 
animal,  and  many  mineral  substances.  When  charcoal  is 
burned,  in  the  air  it  fonns  carbonic  acid — a  heavy  gas,  which 
extinguishes  flame,  and  is  destructive  to  animal  life. 


PDILOIOFBT. 


Ell- 

1 .  Pul  some  pieces  of  chalk  [carboaiib:  of  liinii)  into  a 
batlli)  with  ft  wida  nioulh;  add  nUtihuiw  add  (o  aa; 
other  Btning  add  :)  violent  EdTerveecenct  takes  pUn^ 
owiiiK  lo  Ibe  Escupo  of  carbonic  acid  gas  will)  Ihu  furma- 
liuii  of  itul])bale  of  lime.  Here  the  sulphuric  add  uidtn 
«nth  ths  lime  in  the  cbalk,  and  the  cikriuiiiu  add  in  it  in 
ael  &ec  in  the  form  of  gas. 

2.  In  the  last  expcHinont  the  carbonic  aiud  gliA,  a*  it 
is  formed,  gradually  dritee  out  the  air  in  the  buiilc,  and 
takca  itt  place.  Ttas  gw,  being  colarleaa,  cannot  be  dic- 
tlii^idlod  &om  common  sir  by  the  cfe:  iti  jatsoicct 
howwer,  may  bo  deUctcd.  Plunge  B  burning  candle 
into  tliG  gaa :  the  Hume  is  initnutly  extinguiibed,  while 
the  gas  remains  unchanged. 

Tlius  carbonic  atid  gtu  extinguishes  JUtma,  imdatA 
time  it  does  titit  lakejire,  as  some  oUier  gases  do. 

BTDBOSEN.      COMPOSITIOS   OP   WATEB. 


14>   n^drogen   is  a  colorlesH,  io flammable  gas,  and 
lightest  known  eubstance  in  nature,  it  being  about  14^  til 
lighter  than  air.     Water  is  composed  of  hydrogen  uid 
^n.    Hydrogen  also  enters  into  the  oomposition  of  ibe  Inflam- 
Linble  or  orgunic  pitrt  of  plants. 

BlPBRIHETCtS. 

I.  Put  a  fi;w  jMcccs  of  rint  cuttings  into  the  trtile-mouthed  bottliv  (I 
Inst  fig. :)  pour  ujun  them  some  (Uuted  gul]]huriu  aidd  ;  *  iho  tniatutf 
eixoi  efTcrrcseo,  owing  lo  the  escape  of  buhblo  of  hydrogm  gan,  wlilctL 
gradually  dis]ilace  the  ait  and  fill  the  bottle.  Cots  the  bntilr  with  % 
plate,  or  with  a  piece  of  window  glaM.t  to  prpreot  iho  extnnal  al* 
minttliiig  with  the  hydmgcn.  When  a  sufficient  quantity  ha*  tma 
obtained,  take  off  the  cover,  and  phinge  a  lighted  candle  Into  the  |pw 
tlif  flume  of  the  candle  is  eitinguiiJied,  hiit  the  gu  takes  Dro.  nd 
at  the  mouth  of  the  bottli^  with  a  pale  yiUow  flame. 


t  S.B.  I 

mint  alwsfs 


'  1  psrl  nf  Btronit  .loid  U 


oi  S  parU  nf  •nUc 


bt  uiidonitood  thiit  s  plair,  or  a  piece  of  ttinitim  gldu^  k>  In 
uuulb  of  tbv  TDBcl  fin  a  few  Nomda,  la  ardor  lo  codnda  i 
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a  hyibngim  1*  mlxnl  with  commiRi  air,  (.lie  ignitinii  gaen  on  nicin? 

Hj,  Bid  alwafT  wfth  a  aliKhC  racplot^im  ;  1i<>t  tho  dperimcnl  nmy 

'k  wiih  pcrfFFt  tatftj  in  llie  mannor  juKt  describHL 

II  eKiiCTiineiit,  the  eulphuric  odd,  the  onygen  pnrtkiii  of  the 

■r,  and  the  liiiCi  combiiie  md  foftn  the  Eulpbate  of  the  oxide  uf 

i  wUuh  TenuuDB  in  (olution,  while  the  hydrogen  portion  of  the 

n  the  form  of  ■  gtis. 

a  hydrogen  him*,  but  doe$  not  tupportjlai 
t  OcncnUc  bydrDgoi  in  a  botilc,  as  in  the  last 
All,  t^rr  Iht  air  kat  bten  ifricpn  out, 
k  lilt  muutli  Hriih  a  corL,  through  vhioh  the  tube 
pooca:  ligbl  the  gan  as  it  i 
wapeninft  of  lliv  tubv.     Imu-rl  thisEninll  flnmi 
a  glB«  Xahx,  about  twenty  ii 
diamita.     Aa  the  hydnigiii  humn, 
«  with  the  oxy^ra  uf  the  nic ;  tbiia  wuttT 
t,  which  Quven  the  inUiiur  of  the  tubp  in  l 
p  of  ntuiMuTc.     XUfi  n  nhurt  time,  the  tube  i 
ilaomub.    ThoFsouDdsarcpiviluecrrl  hy  a 
11  tncplosiont,  tninicd  Ly  ihc  uiiiou  of  ojtyKcni  with 
1,  and  thi;  formaiinn  of  ivatcr.    To  show  the 
n  of  water,  a  dry  glais  may  be  held  juel  above 
«.  Fig.  i. 

OXrnOf   AND   NtTBOOKN.      THE    ATMObI'HERE. 

■6.  The  alnionphere  is  ii  iQixture  of  oxygMi  and  nitrogen  : 
)  I»  aluo  a  amtill  portion  of  carboaio  add  gas  a/umj/t 
lot  in  ibe  air. 

EXPKBIIIEHTa. 

I   Put  •  liebted  wai  candle  on  the  table ;  place  orw 


SS 
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orY)  into  a,  luge  bolUe:  rlcse  the  moulh  of  the  bot- 
la :  the  flanie  mdq  becomes  ilitn,  nnd  then  goes  out,  in 
COnMquGnce  of  the  nit  being  no  kuigo-  able  to  mppott 
oombusluin.  Take  out  the  ciuulle^  rtkindlo  it,  snd 
plitngp  it  into  the  bottle :  the  flnmc  is  inUDcdiatdji  estin* 
guUhed. 

If  a  living  uiiinnl  wnv  confined  in  a  cIoec  t»ttle  iftcv 
the  oxygen  in  tlie  nit  biwnia  vitialnl,  th*  aniaiul  woold 
die  A  tMond  aniinaL.  placed  in  tliii  >ltiBt<d  air,  would 
at  cncc  txpirc 

3.  Take  a  lann;  bottlo  mntoiiiing  cotn- 
itH»  air  i  jilni-o  it«  niuutli  in  wuto;  clma 
the  nostril  with  the  luivling«r  and  thutabi 


tiv,  by  mootu  of  a  bvnt  pewter  tube,  for 

a  few  w.'randA.     At  I'srh  inepirMion.  tho 

water  lim  in  the  boults  and  at  eai.'h  ex-  ^  ^^m 

pinlion  tho  watra  fiJls.    Take  tlie  bottle  **'■  '■ 

oontnining  the  air  whidl  hm  ihii*  bma 

Tidntcd  by  paaning  through  th(>  liln^  pliui>^'  a  iifhtnA  tapv  Into  tt,  ■ 

in  Exp.  3  :  the  flanio  \s  txfmgakhKl     tlat  thi:  oxygm  of  the  lit  i 

Mnmimcd  in  the  act  of  nsplTaliuii.  and  the  vitioml  a 

hattit  contains  tho  DiiTogim,  wiiiuh  wv  at  flr«t  in  tlie  bit.  n 

carbonii'  uuiit  gw.     (See  hImi  Gxp.  4,  Art.  12.) 

In  tliL-  proui'fs  of  bri^ntliitig,  the  oxygen  tnkra  fniiD  t1iM«ir 
ifl  rt^tumei]  lo  it  in  (he  rnrni  of  i:uHii>iiic  wid  pt* ;  llint  d 
great  end  of  bieHllilDg  cun!-t»is  In  dp|irivtiig  llie  blood  of  iu 
oarbon  or  charcoaU 

Tliiia  oxi/gm  nut  only  tupportt  Jtaaie,  bat  alto  ammai^fti 
henea  it  is  oMuA  vitttl  ulr. 

4.  Plncp  a  nii«,  Kupponlng  Hamnll  cup.  nn  a  Rand 
Cr  Rhclr  rovttifil  with  wata;  piit  »  «nia1l  (ilute  of 
{ihmphonu  in  tlie  oup :  ignite  the  ph'wpborun,  and 
then  inrnt  a  larRe  bottl*  ovtr  it.  'llie  pbofphorw 
ennaumci  all  the  axygm  in  the  bonle,  ihiTcby  tr 
ing  phmphnric  add,  nnd  Itiarm  the  niuogen.  Alte 
alukiiig  Uic  water  in  tbit  bottle,  (its  tnouth  bdng  tdU 
lu-pt  uRilft  the  wnlPT.)  the  watra  risos,  orcupytng  (hp 
pinep  of  ibo  oxysm  whii'h  hnt  been  comiimrii.    Thl»  fitJt. 

will  I*  finind  to  be  nlioul  J  nt  ihr  air  at  flr.1  in  the 

Tho  rsiilua  U  ii(im|{«n  tn*  i  ihtu  ihawing  thai  }  at  thtbt 
air  i*  guiygvn,  and  |  arc  uiuugaa. 


ytJ^ 
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i:,\i 


'.  Tmko  Ihe  batUc  of  oitroe*^  (cmrFring  iu  mouUi  with  b  pict^r  uf 
i)  Hul  place  it  im  IIip  tabic  witli  its  mouih  uppomost ;  pluii)^  a 
d  Mndle  mxa  the  gu  i  ibe  floroe  i«  extinguished,  at  th«  tome  time 
V  dot*  MX  inko  Are. 

IS  ititnigen  ntithtr  supports  fiaint,  nor  does  it  taksfirt  ai 
}g«n  does. 

DO  green  loavai  ben<«th  u  m*ett- 
k  lUled  Willi  vratci,  uid  place  it  in  tba 
;  tlte  Icuvtn  will  be  Eiund  Ui  give  off 
S«-  • 

IS  plants  yiff  off  oTygen  gat,  leAile 
la  consame  il. 


LV   chlomtc   of  potaau  in 

n  (■  sah  wlueb  ctuitoinB  n  krgG  qunntily 

u  a  toil  tulie;  apply  tlic  flnmi' 

a  Ijniit  lamp :  llie  isll  ui  dccoinpqnd  by  l3ie 

t,  an  the  wtygen  g»  being  giviii  off;  apply 

T  ligbllf  to  (he  moulli  of  Uie  tube,  to 

•  gaa  t»  {Tim  as  piwiblc ;  plunge  a 

1  fliUnier  uf  wood  into  the  |,ti*  ;    'he 

'*  muoh  inranwcd  in  briehtnefs ;  In-fore 

Hi  blow  tliL-  flntnc  out  m  u  to  hnve 

k  ivtaainiiiij; :  the  •rood  m  inetnutly 

I,  tlieni)]!  ulnwuig  that  puiv  uxvi^si  i 


n  cndncnt  snppralvr 


.   Pour  mme  lime  water  into  a  itla*,  ami  allfrw  il  in  •tnnil  for  a  few 
a  *lit»  uf  t'HrUniate  of  Uiiiv  ti  (unntil  iipmi  the  Kuitace.    'Hit* 
*  ihu  ihure  ia  uorbouio  ouid  gaa  in  the  atmoifitiere. 


IB.   This  pH.'tiouii  8ulK>i»nc«  is  ronipo^c-il  of  nili-oiftn  anO 

p^ra^n.     ^Vnlor  liisKolvce  »  lur^rQ  (fUHniity  of  lliii»  khh,  arid 

0  Mtluiiun  in  culled  liijiiiil  Hmmonia.  or  hartshorn.     It  rc-iulily 

nb[iie«  Willi  all   lliL-  ueitL*,  niid   tnrmK  snlis   iif  nniinunia. 

LTlii*  auhstance  U  invarialjly  gin-n  off  from  atiimal  niBltur  lu 

n  (Ulu  of  putrefaction ;  itie  uinmimia  lliun  funni.-d  rUua  tiilu 

ihr  nir,  where  it  floatit  until  it  is  wiuituril  ilowti  iiy  (lie  raim  to 

ftsRilin;  (ho  soil     It  »  imu  uf  the  nuwt  lurtiliziog  nubaiancos 

Liounil  tu  &mi  fan)  manuru  aoii  (^aoo. 
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Experiments. 

1.  Hold  test  paper  over  a  bottle  of  liquid  ammonia  :  a  powerful 
alkaline  action  is  exhibited.  Smell  the  ammonia;  it  has  a  strong 
pungent  odor. 

2.  Dip  a  glass  rod  in  hydrochloric  acid,  and  hold  it  over  a  bottle 
of  liquid  ammonia :  white  fumes  of  hydrochlorate  of  ammonia  are 
formed. 

3.  Take  a  bottle  of  hydrochloric  add  into  a  horBe  stable ;  take  out 
the  stopple  of  the  bottle :  white  fumes,  as  in  the  last  experiment,  are 
formed  about  the  mouth  of  the  bottle. 

4.  Take  two  bottle*;  put  a  little  liquid  ammonia  into  one 
'of  them,  turning  the  bottle  round  so  as  to  spread  the  ammonia 

over  the  interior ;  in  like  manner  introduce  hydrochloric  acid 
into  the  other  bottle ;  bring  the  mouths  of  the  bottles  together, 
as  in  the  annexed  cut :  the  dense  white  fumes  of  hydrochlorate 
of  ammonia  are  produced. 

6.  Take  equal  parts  of  hydrochlorate  of  ammonia  (sal  am- 
moniac) and  quick  lime,  each  separately  powdered,  and  mix 
them  briskly  together  ;  the  strong  pungent  fumes  of  ammoni- 
acal  gas  will  be  felt. 

6.  Perform  the  same  experiment  with  a  mixture  of  guano  and  quick 
lime  :  ammonia  is  in  this  case  given  off  from  the  guano. 

7.  To  a  solution  of  carbonate  of  ammonia  add  a  solution  of  oxalic 
acid  until  elFervescence  ceases :  a  solution  of  oxalate  of  ammonia  is 
obtained.  Here  the  acid  and  ammonia  combine  with  the  escape  of 
carbonic  acid  gas. 


Fiff,  11. 


NITRIC    ACID,   OR   AQUA   FORTI8. 

17.  This  important  substance  is  a  compound  of  nitrogen 
and  oxygen.  It  is  manufactured  from  nitre,  (nitrate  of 
potassa,)  a  substance  composed  of  nitric  acid  and  potassa. 
There  is  reason  to  believe  that  nitric  acid  is  formed  in  the 
air  during  thunder  storms.  Decaying  organic  substances 
containing  nitrogen  yield  this  acid.  Nitric  acid,  as  well  as 
ammonia,  supply  the  growing  plant  with  nitrogen. 


THE    ATMOSPHERE. 


18.   The  atmosphere  is  that  vast  ocean  of  elastic  fluid  which 
every  where  surrounds  the  globe,  extending  to  the  height  of 
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^ur  fifl}-  milos  above  the  lops  of  our  lugbesl  mounuins. 
«  Kibllc,  elaattc  fluid  btnrs  on  its  lide  Uie  exlmlulions  of 
i  earth  orer  BTfry  clinie,  dest^endd  to  ihe  lowest  dt-pihs 
r  mbiOB,  and  penetrates  into  the  recedes  of  our  darice^it 
DB.  Altbou>;}i  invisible  to  tiie  ej'e,  and  although  bodies 
i  through  il  wiih  apparent  cnse,  yet  the  vhemittt  has 
in  liiit  bnlanci',  mid  determined  its  compoiiiiion  with 
;ss  wbieh  cballmigea  dinpute.  Every  where  the 
1  of  the  air  is  the  snmi','  —  as  far  na  regards  its 
snlial  elcmi'ntft.  —  whriher  it  be  tiiken  from  the  confined 
«  of  our  crowdi'd  diict,  or  from  the  niuuntaiu  tops  orer 
!  hi^llhful  winds  play  with  unolHtiufteJ  freedom. 
Indt),  air  in  niotiun,  drive  our  vessels  through  the  neeon, 
Tforra  useful  Uihor  in  our  wuHlmllld.  The  atnioaptierc 
«  grent  airiml  by  which  hciit  U  tiPiirly  equiilly  dielrihutod 
■  thti  eunh,  ainl  without  its  n^eiiey  lij>Iil  itself  would 
:ely  serve  Ihn  purposes  for  whieh  it  is  designed.  By  ita 
uiB  moisture  is  auiilered  over  the  ve);eiahIo  creation  in  the 
1  of  min  and  diiw ;  and  iheMc  rain^  wa^li  down  aniinonia, 
c  add,  and  ^tiriuu.t  exlmli^ioiis  <»itcjituil  to  the  growth  of 

;  mibstancM  tuenlial  to  the  cotiatiiniion  of  llie  ntmo»- 

I  arc  oxygen,  nitrogen,  carbonic  acid  |m^.  and  watery 

The  oxygen,  as  we  have  shown,  is  necessary  to  the 

t«nc4  of  the  animal  world,  and  to  the  5up|iart  of  eombus- 

;  while  tlie  nitrogen  tends  to  moderate  the  intensity  of 

I  of  Ihe  oxygen.     The  conipMratively  gm;ill  )iortian 

u-bonic  arid  gns  in  Ihe  air  alTonls  an  important  part  of 

d  to  the  vegetaifle  world,  and  Ihe  watery  vapor,  bcsidea 

g  other  important  purpoii?*,  tends  to  keep  the  «kin  of 

iiitmaU  and  the  sLirface  of  plants  in  a  moist  condilicin.     The 

K^iuiiful  ailjiiHtment  of  the  relative  proportion  of  those  sub- 

^inceo  to  suit  the  wanta  of  luiiuuils  and  plants,  w  a  remarko- 
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ble  lo&laitce  of  the  nice  lulapiatiDn  of  hm^uu  for  cha  pniac 
tioD  of  H  jira|ios(;il  ciitl. 

Tftu  air  is  li;ing  cotiLiauaOy  supplieil  wiili  carboiiic  ncid 
froro  llie  resjjimiioii  of  aiiiiualB ;  from  Uin  liuruiu^  of  wood, 
cohI,  and  otlicr  codiIjuk little  tiodios ;  auJ  from  all  animal  «nd 
vegetable  eubiilunws  in  it  slate  of  decay.  Farm  junl  Rutnare, 
ti&o,  put  iiitu  tlie  Eoil  iti  a  fermenting  state,  fields  ou  ubundant 
supply  of  carbonic  ocIO  ^lu,  06  well  as  of  anitooaia,  to  lb9 
groming  ptanL  Tbu  atmo8|iltere,  bowover,  aD'ordu  the  cluef 
Bourct:  of  carbo:iic  ncid  to  piiiiii«,  wbidi,  UMimiluling  tbe  ear- 
boQ.  give  ofl'  tLe  oxyguii  inlu  tbti  air,  to  muke  uji  tlin  deficien- 
cy produced  by  tbe  iti^pii-aiion  of  aiUniaU.  Guided  by 
nnseen  powir,  one  part  of  cn-aliun  ndminUterb  to  the  nee 
silicB  of  aiiotber  purt :  tlius  pUuibs  and  iuiinial§ 
to  eucb  olbi:i''s  existenrei  —  the  ooe  EUpplics  wbtU  the  othW' 
consumed,  —  what  is  diiidiHrgisl  u  useless  from 
becomes  essuiilial  fiK>d  la  tlie  ulbur.  Tliifi  n.innrknblc  law  of 
compensation  set-iiia  to  run  iliruugh  the  wbote  of  tlin  onivsno^ 
and  a  proper  apjircL-iation  of  it^  nnlure  cannot  fall  in  forcTblj- 
impretieing  updii  our  uiind^  the  great  and  solemn  f»ct  —  that 
the  universe  is  tbe  uork  of  u  Being  iniiuitc  in  wisdom,  good- 
sess,  and  trutli. 

Tlius  tlie  atmosphere,  which  appears  aa  nothitig  lo  tlM 
vulgar  eye,  U  not  less  etKoulial  to  the  economy  of  nulnrp,  llian 
lh%  solid  matter  of  which  the  globe  is  comi>oscd,  or  ihi;  grvat 
ocean  of  waters  which  Qoat  up^n  its  surface. 


I.  Draw  watBT  into  the  mpqih  |jy  a  tubp.  Hare  the 
pnoctsa  of  auckiug  drum  the  >ui  (rum  tiic  tiit«,  oiril  the 
{ireamre  of  ibc  extcmnl  itir  t-aimfi  thi^  watia'  tu  ri!«  in  the 
tuba  The  pipette,  vted  in  ninlif  chrmluil  exptTiinmti, 
d*pcnd>  on  this  principle.  When  the  finger  In  pluvd  apon 
the  upper  opening,  C,  the  fluid  in  iho  tube  rrniaini  rtu- 
pcndcd ;  and,  on  the  amttary,  what  the  Cngfr  i>  ranorrf. 
the  fluid  daccnd*  drop  lij  dmp  (nira  the  muiH  mifi™  O  iif 
thn  Iowa  cxtrcniitr.  (Pnr  ■  complrtc  lu'ronut  of  tbe 
varioui  mochaniral  piopiirtic*  <rf  ibc  atmcophve.  tt  tbi 
""  n  rmiumalin.) 


tSTAI.    ClIKMItt 


L  Intot  *  hotUe  F,  fiUnl  with  water,  i 


»  nupcndn]  in  thn  lioulc  by  the  pre«ire  at  tlir  cMinwl  air.    Itliiir 
\iir  gi  t  into  ttiuniiiuthof  the  Umle;  the  uir  n»ea  in  liuhti!«« 
tgti  tlw  vtia  Biid  tjupjnccs  il> 

■in  rtpluuiB  >Iu^  principle  Upoa  whicb  tlia  pnnmnCif  tmui/A  ilqiiiiila^ 
i«  «m[Ie  piece  of  choukal  appantnii  is  aeed  for  nTnying  dufisvnt 


kiniln  of  cifom  in  botUea  and  gas  receiven :  it  omsuts  of  a,  rectan^oLw 
h  W  W,  with  the  shelf  ft  &,  having  a  ftinnel-shapixl  hole  puaing 
B  placing  the  bodies  and  tecovtr*  on  i  when  it  is  about  ID 
t,  wata  ii  puured  into  the  trough,  to  as  to  covd  the  nhclf  Ki  ilia 
if  about  ail  ini'h ;  ihc  mouth  of  the  bottle  in 
I*  {dai-fd  ovCT  the  hole  in  the  shelf,  and  the  boak  of  the  retort,  in 
li  the  fan  Is  being  fbrmed.  ia  placed  iminetUtitelj'  below  tlue  oiifico  : 
a  the  bottle  and  di«)>lacet 
cut,  r  is  thv  retoit,  umtainiag  the  mixtute  froia  whiob 


4C4 
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ruujMOi-at. 


rcturtatand.  witbiUriugiupportingtheif^liiirtr,*  A tn  ArgamI la 

ib  i.'huiinsy  e,  for  dppljruig  a  sUsdy  lieat  to  tlic  mtan  wbnn  U  I* 

ftiT  gi>iierBtiag  the  %ai :  tome  gams,  bun  ever,  mir.h  a*  byibngm,  t*  vxal 

maple,  arc  given  off  &oiu  lliu  luHteriaiii  in  Uic  man  without  the  aid  off 

cxtemnl  heat. 

N.  B.     In  Ihe  preparatiuii  of  gnw:  in  tlxis  wty,  H  ahimld  be  ot 
Uiat  tbe  gas  which  fint  ctniiis  oviir  is  mixed  wiih  tlu  otmoaplicTic  n 
tlw  retort ;  hence  a  volmnc  ot'  giis  equal  to  alx)ut  twico  lie  Tnliunctif  ] 
tlw  retort  dliauld  be  thrown  awn;  oa  impure ;  this  ihouM  orpcciaU^f  bt 
Bltendcd  to  iit  the  nuK  of  gHsed  (iiuch  sa  hydiogcn)  which  di 
mixed  with  atmospheric  air. 

Gawa  ma;  be  tisimfutTtKl  frota  one  vdmcI  to 
anothia',  over  the  pneumatic  trough.  In  onlci  to 
transfer  the  gaa  finm  t  1o6,  bring  the  InweT  edge 
of  <i  tu  the  mouth  of  b  ;  graduiillj  dpprcat  the  Up- 
per end  of  B  ,-  bubbloi  of  giu  will  pnas  tram  g  and 
Bll  thQ  T[Kc!  b. 

\V^ico  a  large  quantity  of  ga»  is  to  be  mode,  tbe 
.    j^  halder  is  preferuhle  to  the  pneumatic  ttough.  ^ff-  16* 

This  Tijutthlc  piece  of  apparatuj  «iiisist$  of  a  oIoMd 
cylindrical  Teael  A,  and  a  nhclf  B,  Open  at  the  top,  auppuited  Oa  (I 
loda ;  a  e  IB  a  pipe,  open  at  eoeb  extremit;.  reaching  from  the  butUmsi 
the  shdf  to  the  l»ttum  of  the  cj  Under  ;  e  b 
It  another  pijc  which  mere);  oitcrs  the  top 
ti  the  eyliildLT ;  coniiuunicalions  can  be 
Opened  by  the  coclu  ab :  d  is  a  cxiek  thniu^ 
which  the  gas  in  the  cylinder  may  be  drawn 
aSi  A  is  on  apcrlurc  for  ininidudng  the 
pipe  which  conducts  the  gB!  futo  the  re- 
cdvCT  A  ;  /  J/  ta  a  glaw  tiibc  opening  iiito 
the  cylindtT  at  the  top  and  Imttom,  to  show 
I  tho  (jiiantity  of  goH  that  may  bo  in  the  cyl- 
inder al  any  time.  To  fill  tlu-  cylinder  A 
with  gan :  A  ii  llrst  filled  with  wain,  which 
b  done  by  opentnic  the  thitv  eotlu  a,  b,  d, 
duciiig  the  aperture  h  with  a  eurk,  and 
pouring  water  into  the  Khvlf  13 :  tllv  water 
nina  tJiRnigh  Ihv  pipca  a  and  b  iiitu  A.  r.x- 
peliilig  thi'ninhmri^'hrf.  Wheu  A  i»  lill.d 
wiUi  waliT.  ili«  ei-'kM  a,  h.  and  d  atv  dmn!, 
ami  tbe  ajwrturB  h  is  opened  i  tlic  wnt<T  n.-  Fig.  Ifi. 

nunns  in  tho  eytindwr  A  in  cAinwjiiiticn  of 
tha  nliuw]ihiiriu  {irtmirif,  Jtut  iu  the  Mini' way  at  water  ItompcniM  In 
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■ildidibautaiiii  QiOwduccthi'lulx^pniMmUiigrniin  )hc  riiidi  iiilii  tJie 
h,  Uicgu«iU  tliai  riw  ill  tiublilesuiiotlu'C]rlimli:r,ilu|iladii|!   ' 
»  UitDUgh  A.    To  tUI  u  jar  II  with  the  gas :   Pour  viua  on  tlw 
;  ojicn  the  cocka  b  uid  u ;  the  ga»  thi^n  risca  in  bubbloH  imo  B| 
'c  produced  by  (he  culimm  of  water  ia  the  ppe  a  c.   The 
fa  tnnf£iircd  thniugb  Ibt  oock  i<. 

I'.  ThU  important  eletiicntnry  substance  wbouiida,  in  its 
!  alule,  in  llie  Islmiil  at'  Sicily,  ami  in  luiuiy  volmnie 
a  iilso  ruuiiii  in  uointiiniUiuii  willi  iruii  uiitl  coji- 
B  many  purls  uC  iliu  wurlil.  Sulpliurio  acid  is  tht:  moul 
lant  oaiD)>outid  of  iiiil[iljur(  united  with  vumu«  baw«, 
(  litnc,  Mxla,  magnesia,  &c.,  it  tonus  eulpbalca,  which 
p  found  abundiiritly  in  ibe  niiueral  Icingdum. 

ExFERlXEICn. 

I.  Ileal  sulphur  in  a  test  tube;  the  enlphor  fint  metis,  and  Ihon 
t>«a  in  vapor,  whiub  condauca  iii  the  cold  part  of  the  tube  ( Sco  aim 
£xji.  1,  Alt.  1,  and  Exp.  b.  Art.  1 1 .) 

—  It.  To  ■  wlution  of  baiylu  add  euJphuric  acid ;  the  white  precipitate 
bate  of  baryta  falls,  wbith  ia  not  diatolvcd  bj  nitric  mid-  Thia 
)t  for  the  presence  of  sulphuiii'  add- 
le mlpburcl  of  inm  in  a  bottle^  sud  pour  (omo  diLntcd  aul- 
Ic  add  upon  it ;  milphuTellt'd  bydrogcn  goA  ia  ^ren  off,  wbich  haa 
the  andl  of  tntteu  eggs ;  dip  o  slip  of  white  papiir  In  a  nnlutiim  nf 
ajxrtale  of  lead,  and  aurptrnd  the  paper  in  the  bottle  containing  the  gaa  i 
At  ptipcr  ia  tendacd  block  from  (he  fonnation  of  the  nilphurct  of  lead. 
d  hj/droffen,  at  JtyiironJphtiric  ufid^  ia  hiably  inilanimabh^ 
b  OKd  ai  a  test  for  tho  proMsicc  of  different  kind*  of  ""■»"*« 
»  of  lliit  gBB  abould  be  avoided,  aa  it  ia  dfletoious  to  animal 


rilOSPHOBOS. 

I.  Tliia  clfninntary  Biibi^tance  ia  very  inllammivbU', 
Kforv  aliuuld  ba  luuitilc^I  witli  grmt  c»ution.     It  lii» 


ID  kbuuld  bo  vaisAil)]'  '' 
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much  the  appearance  and  consistence  of  wax.     Fhosphorm 
is  now  universally  prepared  from  bones. 

E3CPEBIXE2ITB. 

1.  Fold  a  thin  slioe  of  dried  phosphonu  in  i^  piece  of  paper ;  rub  it 


briskly  with  any  smooth  body :  the  heat  produced  by  the  fiicdoi  ipeed- 
ily  ignites  the  phosphorus.  ^ 

2.  Write  upon  the  wall  with  a  stick  of  phoqphomB,  (wrapped  round 
with  a  piece  of  paper ;)  the  writing  appears  luminous  in  the  daik.  (See 
also  Exp.  4,  Art  11.) 

3.  Phosphuretted  hydrogen  ga».  —  Put  some  cine  cuttings  and  a  few 
small  shoes  of  phosphorus  into  a  glass  tumbler ;  take  the  glass  into  a 
dark  room,  and  add  some  diluted  sulphuric  add  :  the  mixture  appeait 
like  a  well  ofJ!re,  in  conwqucnce  of  the  escape  of  phosphuretted  hydro- 
gen gas,  which  ignites  spontaneously  when  it  comes  into  the  air. 


IODINE. 

21.  This  elementary  substance  is  solid,  having  a  dark  bluish 
color,  with  a  somewhat  metallic  lustre.  It  is  found  in  sea 
water  and  marine  plants.  It  is  highly  soluble  in  alcohol,  but 
is  sparingly  dissolved  by  water.  Its  most  important  compound 
is  iodide  of  |>otassium,  which  is  now  much  used  as  a  medicine. 

Experiments. 

1 .  Heat  one  or  two  grains  of  iodine  in  a  flask :  the  beautiful  violet 
vai>or  of  iodine  rises  'w-ithin  the  fla^k,  and  slowly  condenses. 

2.  Dissolve  a  r<»ry  smaU  laeco  of  iodine  in  water :  the  water  has  a 
browi  eolor.  To  this  solution  add  a  cold  solution  of  starch :  •  the  beau- 
tiful blue  compound  of  iodide  of  starch  is  formed. 

3.  I)n^)  a  wiiall  piece  of  iodine  on  a  few  grains  of  phospliorus :  the 
Kulistanccs  combine  with  i^ition. 

4.  To  a  rnlf!  solution  of  starch  add  a  few  tlrops  of  iodide  of  pota>:sium ; 
no  action  is  pnKluccd  :  add  now  a  little  sulphuric  acid  to  set  tlie  iuduie 
free ;  the  blue  iodide  of  starch  is  formed. 

•  Starch  should  be  dissolved  in  hot  water. 
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Cni-ORINE. 

22.  Chlorine  is  a  greenish-yellow  gas,  (hence  its  name,) 
which  has  a  pungent,  suffocating  odor  ;  it  is  not  inflammable, 
but  in  certain  cases  it  supports  combustion  ;  indeed,  some  bodies 
ignite  in  it  spontaneously.  It  combines  with  the  metals,  form- 
ing chlorides ;  thus  common  salt  is  a  chloride  of  sodium.  With 
oxygen  it  forms  acids ;  the  most  im])ortant  of  these  is  chloric 
acid,  which,  combined  with  potassa,  forms  chlorate  of  pota:»sa,  a 
salt  largely  employed  in  the  manufacture  of  iucifer  matches. 
Chlorine  destroys  many  coloring  yatters  and  offensive  effluvia. 


EXPEBIMEXTS. 

1.  Put  a  table  spoonful  of  chloride  of  lime  (common  bleaching  powder) 
into  a  bottle ;  add  an  equal  bulk  of  hydrochloric  acid ;  chlorine,  in  the 
form  of  a  greeniflh-yellow  gas,  soon  iills  the  bottle  :  introduce  a  lighted 
candle ;  it  bums  -with  a  dull  red- colored  flame  in  the  gas ;  suspend  a 
moistened riip  of  blue  litmus  paper  (or  any  other  colored  substance)  in 
the  gas :  the  paper  id  soon  bleached  by  the  gas. 

2.  To  a  mixture  of  common  salt  and  black  oxide  of  manganese  add 
sulphuric  acid ;  chlorine  gas  is  given  off.  This  is  a  highly  convenient 
way  of  using  chlorine  for  purposes  of  fumigation.  The  chlorine  destroys 
all  noxious  malaria. 

3.  Add  hydrochloric  acid  so  as  to  cover  half  a  tea  spoonful  of  chlorate 
of  potassa  in  powder,  in  a  small  bottle ;  chlorine  gas  (mixed  with 
chlorous  add)  is  generated ;  dip  a  slip  of  writing  paper  into  oil  of  tur- 
pentine, and  introduce  it  into  the  gas  i  combustion  immediately  takes 
place.    Ptrform  the  bleaching  experiment  described  in  Exp.  1. 

Chlorous  add  explodes  with  great  violence,  when  heated 
even  to  a  moderate  temperature. 

4.  Mix  a  few  grains  of  powdered  lump  sugar  with  twice 
the  quantity  of  chlorate  of  potassa ;  let  fall  a  drop  of  sul- 
phuric add  on  the  mixture:  chlorous  acid  is  disengaged, 
which  immediately  inflames  the  mixture. 

6.  Carefully  fold  in  a  piece  of  paper  a  little  chlorate  of 
potaftsa  in  powder,  with  a  small  piece  of  pho^horus ;  strike 
the  mixture  ^^ith  a  hammer :  a  loud  explosion  takes  place. 

6.  To  inflame  phosphorus  under  imter.  —  Put  some  crys- 
tals of  chlorate  of  potassa,  together  with  a  few  slices  of  phos- 
phorus, into  an  ale  glass ;  fill  the  glass  with  cold  water ;  let 


Fig.  17. 
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fall  a  few  drops  of  sulphuric  acid,  by  means  of  a  pipette,  on  the  chkrate 
of  potassa :  the  acid  takes  up  the  potassa  from  the  salt,  and  sets  free  a 
compound  of  chlorine  and  oxygen,  which  inflamm  the  phoephorus. 


HTDROCHLORIC   ACID. 

23.  Hydrochloric  acid,  or  muriatic  acid,  is  a  gas,  composed 
of  hydrogen  and  chlorine ;  it  is  largely  dissolved  hj  water, 
forming  common  aqueous  hydrochloric  acid. 

Experiment. 

Add  diluted  sulphuric  acid  to  common  salt,  in  a  bottle ;  hydrochloric 
acid  gas  is  given  olf  with  effervescence,  and  fills  the  bottle ;  suspend  a 
slip  of  moist  blue  litmus  paper  in  the  gas  :  the  color  is  changed  to  red ; 
plunge  a  lighted  candle  into  the  gas  :  the  flame  is  extinguished. 

In  this  experiment  the  acid  decomposes  the  salt,  which  is  a  compound 
of  chlorine,  sodium,  and  water  ;  the  hydrogen  of  the  water  unites  with 
the  chlorine,  and  forms  hydrochloric  acid  gas ;  and  the  ojiyaen  of  the 
water  unites  i^-ith  the  sodium,  and  forms  soda,  which  combines  with  the 
sulphuric  acid,  and  forms  the  sulphate  of  soda. 


Section  IIL 

metals  and  metallic  oxides. 

potassa  and  soda. 

24.    Potassium    and   sodium,   united  with    oxygen,   form 

potassa  and  soda.     These  important  substances  are  called 

fixed  alkalies,  to  distinguish  them  from  ammonia,  which  is 

called  the  volatile  alkali.     (See  Art.  11.)     Potassa  is  found 

in  the  ashes  of  plants,  and  soda  in  the  salt  of  sea  water. 

Experiments. 

1.  Throw  a  grain  of  potassium  upon  water ;  it  floats  on  the  water,  and 
takes  flre  :  a  solution  of  potassa  is  formed  by  the  union  of  the  oxygen 
of  the  water  with  the  metal. 


"^ 
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.   Butn  wnu  [decc*  of  triDoil ;  collfd  the  aaha,  ui<]  pour  unUr  aptm 
n  (o  ilinolro  the  pouau  which  ix  in  (hem  ;  odd  a  aolution  of  ume 

Ig  blue :  th*  cJor  ia  chMiginl  to  gretn. 
.  BalLin  ui  imn  v(w«l,ujual  wcighmof aUked 
d  cuLnnaU  of  poIoieH  (pcail  aahet)  in  about 
B  tiuuH  the  weight  of  waler;  (he  carboniu 
nilat  with  llic  lime,  lurmuig  the  iusoluble 
luite  of  liiiie,  Iraviui;  thu  potaoa  in  Bolutiou. 
Cont  the  mixture,  and  iJlow  it  to  atiiiid  until  the  ^ 
iiaibanntc  of  lime  sulfides ;  draw  the  dnu  eolutitm 
nff  by  mi-mu  of  a  siphon."  Wlnii  u  holution  of 
polnaB  u  i^xpBvd  to  the  ur,  it  Kpeedily  taka  up 
cnbonip  Dcid,  and  rctunu  lu  tlic  btatc  of  cubooBte 

i.  To  a  (trcmg  tolutioii  of  cnrbannte  of  potitea  uJd  a  mlutkm  of  tar* 
tnk  Qcid ;  ttyitidB  of  liitaiu-atc  of  jxituaa  (cream  of  tartar)  ore  ibnned 
with  tlw  ncape  of  cnrlnmip  acid  gns. 

6.  Boil  nitrate  of  patfusu  (nitre)  in  watfT,  w  long  at  any  of  The  mH 
ia  taken  up ;  decant  Ihe  solution,  and  as  it  cooU,  crfEtali  of  nitre,  in  sbc- 
rided  [tfism*.  arc  deposited. 

Sada  it  (bund  in  the  aabee  of  Mti  weed  ;  it  in  alxo  oblBined  from  ram- 
Thc  compounda  of  loda  ore  ?cry  omlfar  to  those  of  potoaM. 


Fiff.  18. 


25,    Ctiftlk.  limestone,  innrljlp,  lime  shell,  and  cokareous 
^or,  are  all  compounda  of  limi;  aud  carbonic  acid.     Liine 

•  liuolubla   aulKtincea,  or   prMitniai«t.  i 
■BiUy  leiULntcd  Iroro  liqiuda  b;  rii.TulTi( 
otiirh  consilB  in  punng  the  liquid  Ihrough  jO- 
brfio^  paper  placed  in  a  hmncl  /;  b;  ihii  pro- 
MM  Ihr  cleu  liquid  diopa  iulo  the  )('■*■  9-  uid 
lbs  [mdiittaw  nr  inuluUemhauinec  rcmoiiii  on  g 
Iba  Uicrinit  pap*r. 

Theaa  flilen  arc  (bnnad  by  mDking  iwn  fidda, 
In  N  nund  [decc  at  paper,  U  right  aiiglta  tn  cti^h 
Mht,  and  iu  ■  cnntrary  dircrtim ;   when  thii 
fanvof  paprr  in  lilmwd  iirtthln  the  ftmnel,  it  wHl 
•■na  of  p,  aliown  in  Itif  i-ut.    The  lf>|iud  lu  bi-  Slieml  diDcld 
hraanftdly  jaiiitHl  upuii  rAf  n'rfH  uf  tlw  flllrr,  u>  aa  nni  In  iti- 
Junt  Ika  ptpci  II  thn  IxHUmi  port.     Brriiiw  awv,  llir  (lllri  paper 
■iMuld  b*  molatciird  iriili  itiiUllwd  nalrt.  fjg,  gQ. 
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forms  an  essential  constituent  of  all  good  soils.  Mixed  with 
vegetable  or  animal  substances,  it  promotes  their  decay,  and 
at  the  same  time  absorbs  the  noxious  gases  that  are  given  off- 
Lime  is  an  oxide  of  a  metal  called  calcium. 

EXPBBIMEMTS 

1.  Expose  lime  water,  in  an  open  vessel,  to  the  air ;  a  cruat  of  car* 
bonate  of  lime  soon  appeare  upon  the  8ur£EU^  See  alao  Experiments  2, 
3,  and  4,  Ait.  12. 

2.  Pour  hydrochloric  add  upon  some  pieces  of  chalk,  so  long  as  any 
efrcrycsccnce  is  seen  :  a  solulion  of  chloride  of  calcium  is  fbnned. 

3.  Make  a  solution  of  nitrate  of  lime,  by  adding  nitric  add  to  chalk, 
after  the  manner  of  the  last  experiment. 

4.  Pour  a  little  of  the  solution  of  chloride  of  caldum  into  an  ale 
glass,  and  about  the  same  quantity  of  strong  sulphuric  add  into  another 
glass ;  pour  the  latter  quickly  upon  the  fbrmor ;  a  violent  effcnroscence 
takes  place  iVom  the  escape  of  hydrochloric  acid :  a  solid  white  sub- 
stance, sulphate  of  lime,  is  formed.  Oykdng  to  the  condensation,  great 
heat  is  evolved. 

5.  To  any  solution  of  lime  add  oxalate  of  ammonia ;  (see  Exp.  7, 
Art.  16  :)  the  white  insoluble  oxalate  of  lime  falls. 

MAGNESIA. 

26.  This  substance  is  found  in  sea  water,  in  certain  varieties 
of  limestone,  (magnesian  limestone,)  and  other  rocks,  and  in 
many  spring  waters.  Magnesia  is  the  oxide  of  a  metal  called 
magnesium. 

Experiments. 

1.  To  diluted  sulphuric  acid  add  carbonate  of  magnesia  (a  white 
p()^^'der)  until  cffervcHcencc  ceases :  a  solution  of  sulphate  of  magnesia 
(Kp8<)m  salts)  is  obtained. 

lioil  off  or  evaporate  a  portion  of  the  water ;  *  set  aside  the  solution 
until  it  cools  :  crystals  of  the  salt  will  be  formed. 

2.  To  a  solution  of  sulphate  of  magnesia  add  a  solution  of  carbonate 
of  potassa  :  a  white  precipitate  of  carbonate  of  magnesia  is  formed. 

*  Evaporations  arc  best  conducted  in  porcelain  dishes,  or,  as  they  are 
called,  evaporating  dishes ;  the  heat  should  be  applied  by  a  sand  bath,  or  by 
an  Argand  lamp  with  a  tin  or  copper  chimney. 
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This  distinguishes  Epsom  salts  from  oxalic  acid,  a  poison  frequently 
mistaken  for  the  former.  It  is  further  to  be  ob6cr\'ed,  that  oxalic  acid  lis 
mmr  to  the  taste,  whereas  Epsom  salts  are  bitter.  Oxalic  acid  is  dissi- 
pated when  thrown  upon  hot  cinders,  whereas  Epsom  salts  leare  a  white 
man  behind. 

ALUMINA. 

27.  This  earth  is  an  oxide  of  a  metal  called  aluminium ;  it 
abounds  in  common  clay.  It  is  distinguished  by  its  insolubil- 
ity in  water,  and  by  being'  dissolved  in  a  solution  of  [)Otassa. 
Alum  is  one  of  its  most  useful  and  common  com|K)unds.  This 
salt  contains  alumina,  potassa,  and  sulphuric  acid.  Pure  clay 
is  a  compound  of  silica  and  alumina,  in  the  proportion  of  about 
3  parts  of  the  former  to  2  of  the  latter. 

EXPBBIMBNTB. 

1.  Add  ammonia  to  a  solution  of  alum :  alumina  fidls  in  ooDScquence 
of  the  ammonia  combining  with  a  portion  of  the  acid. 

2.  Perform  the  same  experiment,  using  potassa  or  soda. 

3.  In  a  saturated  solution  of  alum  suspend  a  basket  formed  of  wool- 
len thread :  the  alum  forms  beautiful  crystals  on  the  thread,  thereby 
farming  an  alum  basket. 

SILICA. 

28.  This  earth,  like  ahimina,  is  very  abundant  in  nature. 
Quartz  is  nearly  pure  silica,  and  it  is  the  chief  ingredient  in 
sand  and  common  flint  Mixed  with  clay,  it  forms  the  great 
body  of  soils.     Silica  is  an  oxide  of  silicon. 

EXPERIMEXTH. 

1.  Mix  one  part  of  fine  sand  la-ith  three  parts  of  carbonate  of  potnssn ; 
fuse  the  mixture  in  a  crucible ;  carbonic  acid  is  driven  off,  and  the  silica 
and  potoAsa  combine  and  form  a  glass  called  silicated  potassa,  which 
readily  dissolves  in  water;  pour  out  the  silicated  potassa  on  an  iron 
plate ;  dissolve  a  portion  of  it  in  water.  This  experiment  is  highly  im- 
pcntant,  considered  in  relation  to  agricultural  science. 

2.  To  the  solution  of  silicated  potassa  add  a  solution  of  hydrochlorate 
of  ammonia;  the  hydrochloric  add  oombines  with  the  potassa,  and  the 
nlica  is  precipitated. 
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IRON. 

29.  This  valuable  metal  is  found  in  a  great  variety  of  forma 
in  nature.  Combined  with  oxygen,  it  is  found  as  an  oxide  of 
iron ;  with  sulphur,  as  a  sulphuret  of  iron ;  with  carbonic  add, 
as  a  carbonate  of  iron. 

EXPEBIMSNTS. 

1;  Place  some  iron  filings  in  a  saucer ;  moisten  them  from  day  to  day* 
until  they  become  rttst,  or  oxide  of  iron,  by  combining  with  oxygen. 

2.  To  some  iron  filings  add  diluted  sulphuric  add:  hydrogen  gas  is 
given  off,  and  a  solution  of  iron  (green  Titriol)  is  finrmed.  Here  the 
oxygen  of  the  water  combines  with  the  iron,  forming  oxide  of  iron, 
which  unites  with  the  acid,  forming  the  sulphate  of  the  oxide  of  iron, 
or,  as  it  is  simply  called,  sulphate  of  iron. 

Decant  the  clear  solution,  evaporate  it,  and  set  it  aside ;  when  the 
solution  is  cold,  green  crystals  will  appear. 

3.  Add  a  few  droiis  of  a  strong  solution  of  sulphate  of  iron  to  fbiu* 
glasses  containing  water :  — 

I.  To  the  first  add  a  solution  of  potassa :  oxide  of  iron  falls, 
u.  To  the  second  add  a  solution  of  carbonate  of  potassa  :  carbonate 

of  iron  falls, 
in.  To  the  third  add  a  solution  of  prussiate  of  potassa :  a  fine  blue 

precipitate  of  Prussian  blue  is  formed. 

In  these  three  experiments,  the  sulphuric  acid  combines  \i-ith  the 
potassa,  and  remains  in  solution. 

IV.  To  the  fourth,  add  an  infusion  of  galls :  the  black  gallatc  of 
iron,  the  substance  which  gives  the  color  to  ink,  after  a  few 
seconds  appears. 

4.  To  a  glass  of  water  add  a  few  drops  of  ink ;  add  oxalic  or  hydro- 
chloric acid  :  the  color  disappears. 

6.  Write  on  paper  with  a  very  diluted  solution  of  sulphate  of  iron ; 
when  dry,  the  ^Titing  is  invisible ;  wash  it  over  with  a  solution  of  prus- 
siate of  potassa :  the  ^Titing  appears  of  a  fine  blue  color. 

COPPER. 

30.  This  metal  exists  in  nature  in  its  pure  or  metallic  state ; 
but  it  is  chiefly  found  as  a  sulphuret  of  copper,  (copper 
pyrites.) 
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Experiments. 

1.  Heat  copper  for  some  time  in  the  fire ;  suddenly  plunge  the  heated 
oap])cr  into  water :  the  oxide  of  copper  is  formed  in  scales  on  the  surface 
of  the  metaL 

2.  Put  some  slips  of  copper  into  diluted  nitric  acid,  which  is  colorless : 
a  portion  of  the  copper  is  soon  dissolved  by  the  nitric  acid,  and  a  fine 
blue  solution  of  nitrate  of  copper  is  formed.  Here  a  portion  of  the  acid 
gives  up  oxygen  to  the  metal,  forming  oxide  of  copper,  which  combines 
with  the  nitric  add.    Red  fumes  of  nitrous  acid  are  given  off. 

By  evaporation,  this  salt  may  be  obtained  in  crystals. 

3.  Into  a  solution  of  sulphate  of  copper  (blue  vitriol)  dip  a  clean  piece 
of  iron :  the  plate  is  covered  with  metallic  copper.  Here  the  copper  is 
precipitated  in  consequence  of  the  iron  uniting  with  the  acid  to  form 
•ulphate  of  iron. 

4.  Add  two  drops  of  a  strong  solution  of  sulphate  of  copper  to  two 
glasses  containing  water :  these  solutions  will  be  nearly  colorless. 

I.  To  the  first  add  a  drop  of  ammonia ;  light  blue  oxide  of  copper 
fidls :  add  ammonia  now  in  excess ;  the  precipitate  is  re- 
dissolved,  and  the  solution  assumes  a  fine  deep-blue  color. 
This  is  a  very  delicate  test  of  the  presence  of  copper, 
n.  To  the  second  add  carbonate  of  potassa :  light  blue  carbonate 
of  copper  falls. 

5.  Place  a  few  crystals  of  nitrate  of  copper  on  a  piece  of  tin  foil ;  add 
a  few  drops  of  water  to  the  crystals,  and  quickly  fold  up  the  tin  foil 
round  them :  a  violent  chemical  action  takes  place,  and  the  tin  foil  in- 
flames. 

LEAD. 

31.  The  most  common  native  form  of  lead  is  sulphuret  of 
lead,  or  galena. 

Experiments. 

1.  Heat  lead  in  an  iron  spoon:  it  soon  melts,  and  then  oxidates,  by 
taking  oxygen  fixmi  the  air. 

2.  Arrange  seven  glasses,  each  containing  a  diluted  solution  of  acetate 
of  lead,  (sugar  of  lead.) 

I.  To  the  first  add  an  alkali :  the  oxide  of  lead  falls. 

II.  To  the  second  add  carbonate  of  potassa :  the  white  carbonate 

of  lead  (white  lead)  falls, 
ni.  To  the  third  add  sulphuric  add,  or  any  sulphate:  white  sul- 
I^te  of  lead  falls. 
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IT.  To  the  fourth  add  hydrochloric  add :  white  chkiide  of  lead 

falls. 
Y.  To  the  fifth  add  a  few  drops  of  a  solution  of  iodide  of  potaa- 

siuin :  the  beautiful  yellow  iodide  of  lead  falk. 
Ti.  To  the  sixth  add  a  few  drops  of  the  solution  of  chromate  of 

potassa :  yellow  chromatc  of  lead  falls.  * 

vn.  To  the  seventh  add  hydrosulphuret  of  ammonia :  the  black 

sulphuret  of  lead  falls.    (See  Exp.  4,  Art.  60.) 

3.  Suspend  a  piece  of  zinc  in  a  moderately  strong  solution  of  acetate 
of  lead :  the  lead  appears  deposited  on  the  zinc  in  an  arboreBoent  fomit 
producing  what  is  called  the  lecui  tree.  Here  the  zinc  takes  the  place  of 
the  lead,  and  the  latter  is  precipitated. 

CHROME. 

32.  The  most  common  salt  of  this  metal  is  bichromate  of 

potassa. 

Experiments. 

Arrange  four  glasses,  each  containing  a  diluted  solution  of  bichrcnnate 
of  potassa. 

1.  To  the  first  add  carbonate  of  potassa  :  it  imites  with  the  excess  of 
acid,  and  ycUow  ohromate  of  potassa  appears. 

2.  To  the  second  add  acetate  of  lead.     (See  Exp.  2,  Art.  31.) 

3.  To  the  third  add  a  few  drops  of  the  nitrate  of  mercury:  the 
oranpe-colored  chromate  of  mercurj'  falls. 

4.  To  the  fourth  add  a  few  drojis  of  the  nitrate  of  silver,  (lunar 
caustic :)  brick-red  chromatc  of  silver  falR 

MERCURT. 

33.  This  metal  is  sometimes  found  native  in  the  metallic 
form,  but  it  is  most  commonly  combined  with  sulphur.  This 
metal  is  a  fluid  at  ordinary  temperatures. 

PlXPKRIMENTS. 

1.  Heat  a  few  grains  of  mercury  in  a  test  tube  over  the  spirit  lamp : 
the  mercury  rises  in  vapor,  and  condenses  in  globules  in  the  cold  part  of 
the  tube. 

2.  Heat  a  little  sulphiur,  with  about  five  times  its  weight  of  merciury, 
in  a  test  tube :  close  the  mouth  of  the  tube  lightly  with  the  forefinger : 
vermilion,  or  bisulphuret  of  mercur>',  is  formed. 

3.  To  a  solution  of  chloride  of  mercury  (corrosive  sublimate'^  add  a 
few  drops  of  iodide  of  potassium :  a  red  biniodide  of  mercuiy  fells. 
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4.  Heat  some  mercury  with  nitric  add;  the  mercury  takes  oxygen 
from  a  portion  of  the  acid,  and  combines  with  the  other  portion ;  and  a 
solution  of  nitrate  of  mercury  is  formed. 

ZINC. 

34.  This  metal  is  now  much  used  for  making  water  pipes 
and  spouts. 

EXPEBIMENTS. 

1.  Take  the  solution  of  sulphate  of  zinc  obtained  by  Exp.  1,  Art.  14  ; 
evaporate  a  portion  of  the  water  off;  set  the  liquid  aside  to  cool :  pris- 
matic crystals  of  sulphate  of  zinc  faU. 

2.  To  a  solution  of  sulphate  of  zinc  add  a  few  drops  of  ammonia,  (or 
potassa :)  white  oxide  of  zinc  falls.  Add  ammonia  in  excess :  the  pre- 
cipitate is  completely  redissolved. 

3.  To  a  solution  of  zinc  add  a  few  drops  of  the  carbonate  of  ammo- 
nia :  carbonate  of  zinc  falls,  which  is  redii«olved  by  an  excen  of  the 
precipitant.  These  two  experiments  form  the  tests  for  the  presence 
of  zinc. 

SILVER. 

35.  Silver  is  distinguished  by  its  brilliant  lustre  and  fine 
white  color. 

EXPERIMENTB. 

1.  To  a  fiew  small  pieces  of  silver  add  diluted  nitric  add ;  apply  heat 
until  the  acid  ceases  to  give  off  fumes :  a  solution  of  nitrate  of  silver  is 
obtained ;  as  the  solution  cools,  crystals  are  deposited. 

2.  To  a  solution  of  nitrate  of  silver  add  potaasa :  an  ash-gray  powder 
of  oxide  of  silver  falls. 

3.  To  a  very  diluted  solution  of  nitrate  of  silver  add  hydrochloric 
acid :  chloride  of  silver  falls  in  the  form  of  a  white,  curdy  substance, 
which  soon  becomes  black  upon  exposure  to  the  light. 

4.  Write  upon  linen  with  a  solution  of  nitrate  of  silver,  and,  when 
the  writing  is  dry,  wash  it  n^-ith  a  solution  of  potassa :  the  writing  soon 
becomes  permanently  black,  owing  to  the  formation  of  oxide  of  silver. 

GOLD. 

36.  Thii)  metal  is  not  affected  by  exposure  to  the  air,  and 
ordinary  acids  produce  no  action  upon  it 
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KurmuHCxn. 


.  Put  ftveor  At  iffAi  \<mvv»  uito  h  uvt  lulic:  jioiir  upon  tlicm  ■  fcw 

I'drapa  or  0  mixture  of  iittiit.'  anil  liy<liu<:hluric  oi^ila;  ajiply  Uk  Dmu  «tf 

k  tpirit  lump :  tlw  gold  leNres  uc  di»olved.     ContinUD  i«  >I>[J;  a  g«ntle 

nt,  H)  na  to  npvl  any  eic-ts  of  acid  :  tcrchlohdc  cif  ^Id  remnuu.    In 

ia  pmciB  clilurine  is  Kl  free  bom  the  hydnxrhkoHc  acid,  and  oomkniCi 

•rilh  thp  gold> 

3,   Cava  >  dip  of  gIsKS  with  a  few  drop)  of  Ibe  toiJilorid':  of  gfHi  i 

I   ■I'p'y  ^^  ftaioe  of  a  ajniit  luup ;  the  chloiiue  ia  expelled,  and  gdd  ii 

left  upon  t]ie  glan. 

3,  Put  ■  drop  of  ddoride  of  mercury  on  n  gold  ring ;  with  tlie  pnnt 
of  ■  penknife  touch  the  gold  through  the  drop :  Ji  pcrnwnwnJy  iriiUe 
qnt  of  in  Hnalgam  of  ^old  U  produced. 

PI-ATINtlM. 

87.  Tills  melBl  h  much  used  fiir  making  difTerent  Icitula  of 
I  clieniicBl  upparatus,  on  acuuutil  of  il  being  very  inruaibte,  knd 
[  BCHTCcIy  at  ull  uuted  u[njii  by  ordinary  chemical  agents. 

EXI'EHIUKMTS. 

1.  Mix  nitric  acid  with  an  cifiiol  bulk  of  hydnMhkirle  acid ;  luM  ibk 
mixtuTB  to  a  fi!w  nnnll  pieces  of  ])lniiniini  wire  in  a  Florence  nmk ;  di- 
grat>  —  that  is,  keep  the  liquid  at  ■  ilow  boiling  hmt,  —  until  tbo  atH  h 
neutraliaed :  a  solution  of  bichloride  of  iilatinum  ta  formed. 

To  obtain  it  perfectly  free  from  acid,  eraporntc  ciiuiiouiily  to  drftioa;, 
Bid  dimolvc  the  residue  in  WHicr. 

2.  Add  &  dmp  of  the  mlation  nf  biohlnride  of  pbtimim  to  a  gl^  «f 
trnter :  into  this  eolution  let  liill  a  drop  of  iodide  of  potasliuii  r  •  dnv 
port  wine  colored  compound  ia  inuuuliatfly  piodnccd.  The  ddicuej  <J 
(tut  teat  la  truly  remarkable. 

i.  To  the  fiolutiun  of  biohloridc  of  plntinum  add  a  oalDlltin  cf  bydio. 

ihlontte  of  ammonia :   a  yellow  precipitate  a  thnncd,  •  conipouiid  oT 

Ibia  wit  and  pLuinum. 

Decant  the  lii)idd,  and  dry  the  preeiiatnle ;  piit  ft  InKi  tb*  bo<rI  of  ■ 

I  tobacco  [ripe,  and  bring  ic  i»  n  good  led  hrat  In  the  fin' :  metallic  pUti- 

■  nuni,  ill  a  vpongy  iitalc,  b  left,  the  other  (ulMtancwi  lutriug  been  at* 

"  pellcd  by  the  hm. 

.  Hold  thi^  "pongy  plntinurn  brfbre  n  atiMin  tj  bydnjg«n  gat '.  Ilw 
met«l  R>oii  becomei  red  hot,  and  the  foa  !a  Ignited. 
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.  When  bodies  'ambme  wiili  eauli  other,  it  is  always  in 
lain  fixed  or  dtfiuite  proportions:  ibot  is,  tbc  same  cota- 
uid  sub.HiaiK^i^  ftlwaja  contains  the  same  olenients  combtned 
I  a  conglant  [iroparlion :  thus  wtitcr,  wlinlever  may  be  iu 
',  or  bowefer  guncmli^il,  consists  of  8  [mrts  of  oxygen 
I  1  p«rt  by  weiglit  of  byilruj^n  :  thus  1  part  of  hyilrogun, 
i  wiih  IG  parts  by  %(.'igbt  of  nulpbur,  to  form  sul- 
AuratCed  hydrogen:  tbua  1  part  of  hydrogen  combines  with 
B  parts  by  weight  'of  carbon,  lo  form  carbiiretted  hydrogen, 
HIant  gas.)  The  nmnbers  representing  the  proportional 
f'lveighls  in  wtiicb  bodies  combine  are  called  thiiir  c/itmical 
I  ^vivalfttU. 

Taking  1  as  the  combining  equivalent  of  hydrogen,  8  will 

Plu  the  combining  eijuiTnlent  of  oxygen,  IG  that  of  sulphur, 

p<Dd  6  that  of  carbon.     Moreover,  ivbile  8  and  G  represent 

I  proportional  numbers  in  which  oxygen  and  carbon  r&- 

jctivcij-  combine  with  hydrogen,  these  numbers  also  repra* 

it  tlie  proportion  !n  whieli  oxygen  and  carbon  combine 

^Ith  each  other  or  with  any  other  sultslnnoes :  thus  8  parts  of 

■'doiygcn  combine  with  6  parts  by  weight  of  carbon,  to  form 

I'^rtxmic  oxide.     But  this  is  not  all :  when  the  same  bodiea 

mbine  in  more  tiinn  one  pmparlion,  the  proportional  nnio* 

representing   each  sucuessive  compounil  are   muUiplea 

r,  ft  may  be.  submaliiples)  of  those  in  the  firsi  compound. 

»  law  is  exhibited  in  tlie  following  examples  :  — 

ComfMundt  of  Carbon  and  Orygfiu 
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Compounds  of  Nitrogen  and  Oxygen, 


Proportion 

Proportion 

of  Nitrugen 

• 

of  Ozygtn. 

Protoxide  of  nitrogen     - 

-        14 

+ 

8       s= 

22 

Binoxide  of  nitrogen 

-        14 

+ 

16       = 

80 

Hyponitroua  add  - 

-        14 

+ 

24       B 

88 

Nitrous  add  -        -        - 

•        14 

+ 

82       « 

46 

Nitric  add     ... 

•       14 

+ 

40      ■- 

64 

The  equivalent  of  a  compound  body  is  the  sum  of  the 
equivalents  of  its  elements :  thus  the  equivalent  of  carbonic 
oxide  is  14,  this  number  being  the  sum  of  6  and  8  ;  thus  the 
equivalent  of  nitric  acid  is  54,  this  number  being  the  sum  of 
14  and  40. 

39.  The  following  table  contains  a  list  of  the  names  of  the 
elementary  substances,  so  far  as  thej  are  at  present  known, 
with  their  symbols  and  combining  equivalents.  Those  sub- 
stances printed  in  Italics  are  rare,  and  of  comparatively  little 
importance. 


Table  of  Equivalents 

and 

Symbols  of  62  Simple 

Substances, 

Sym. 

Nfune. 

EquiT.  :  Sym. 

Naiuo. 

Eqoir. 

TT. 

Hydrogen 

- 

- 

1  !  Al. 

Aluminim 

- 

-         14 

0. 

Oxygen     - 

- 

- 

8    Fe. 

Iron 

- 

-        28 

N. 

Nitrogen  - 

- 

- 

14    Cu. 

Copper 

- 

-        32 

CL 

Chlorine    - 

. 

- 

86,  Pb. 

1 

Lead 

- 

.      104 

C. 

Carbon 

* 

. 

G    Zn. 

Zino 

m 

.       33 

I. 

Iodine 

- 

- 

126 

Cr. 

Chrome   - 

- 

-       28 

S. 

Sulphur    - 

• 

• 

16    Hg. 

Mercury  - 

- 

-     100 

P. 

Phosphorus 

- 

- 

16 

Ag. 

Silver      - 

- 

-     108 

F. 

Fluorine    - 

- 

. 

18 

Au. 

Gold 

• 

-     100 

Br. 

Bromine    * 

- 

- 

78    PI. 

Platinum 

- 

-       98 

B. 

Boron 

- 

- 

10    Sn. 

Tin 

• 

-       68 

Se. 

Selenium  - 

- 

- 

40  i  Co. 

Cobalt      - 

• 

-       30 

Afl. 

Arsenic     - 

. 

• 

76    Mn, 

Manganese 

- 

-       28 

ISi. 

Silicon 

m 

■i 

8    Ni. 

Nickel     - 

. 

-       30 

Ba. 

Barium    - 

^ 

-       68 

MBTAL8. 

Sr. 

Strontium 

_ 

-       44 

K. 

Potassium 

- 

- 

40 

Mg. 

Magneffium 

• 

.       12 

Na, 

Sodium    - 

- 

- 

24  I  Sb. 

Antimony 

- 

-     128 

L. 

Lithium    - 

- 

- 

6  '.  BL 

Bu*muth 

. 

.     108 

Ca. 

Calcium   - 

- 

- 

20 

Te. 

TeUurium 

. 

-       64 
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87». 

K«in«. 

Sqair. 

Syn. 

Name. 

Equlr. 

V. 

Vdfuxdium 

.       68 

D. 

Didymium 

> 

• 

u. 

Uranium 

.       60 

Ln 

Lanthanium     - 

-       48 

Mo. 

Molybdenum     - 

-       48 

Ce. 

Cerium    - 

-       46 

Tn. 

Tunfftten 

-       94 

Y 

Yttrium 

-       32 

•n. 

Titanium 

.       24 

Tb. 

Terbium 

> 

m 

Cm. 

Columbium 

.     184 

£. 

Erbium  - 

} 

Nr. 

Niobium 

? 

Cd. 

Cadmium 

-       56 

Pc 

Pehpium 

Pd. 

Palladium 

-       64 

No. 

Norium 

? 

R. 

Rhodium 

-       62 

G. 

Glucinum 

-       26 

Os. 

Osmium 

-     100 

Zr. 

Zireonium 

.       34 

It. 

Iridium         •  - 

-       98 

Th. 

Thorium 

-       60 

Ru. 

Ruthenium 

-       52 

The  arrangement  of  the  elementary  aubetances,  in  this  table,  is  merely 
adopted  to  suit  the  order  observed  in  the  other  portions  of  this  work. 

40.  The  first  letter  or  letters  of  the  Latin  name  of  a  sim- 
ple substance  is  taken  as  iti)  symbol ;  and  the  symbol  of  any 
substance  always  represents  its  combining  equivulent.  Thus 
O  stands  for  one  e(iuivalent  of  oxygen  ;  20,  or  Oj,  stands  for 
two  equivalents  of  oxygen,  and  so  on.  Compounds  are 
expressed  by  the  equivalents  of  simple  substances  which 
enter  into  their  composition :  thus  sulphuric  acid  is  composed 
of  one  equivalent  of  sulphur  and  three  equivalents  of  oxygen: 
the  symbol  of  sulphuric  acid,  therefore,  is  S  -f"  O3,  or  more 
simply  S0»  and  the  combining  equivalent  =  3  X  8  -|- 
16  =  40. 

The  sign  of  equality  {=)  is  used  to  express  an  identity  of 
eompositiony  but  not  always  an  identity  in  the  form  of  the 
arrangement  of  the  elements. 

The  names  given  to  compound  substances  are  such  as  to 
indicate  their  elementary  composition. 

Compounds  containing  oxygen  are  called  acids  or  oxides^ 
according  as  they  do  or  do  not  possess  acidity.  Thus  an  oxide 
of  iron  contains  oxygen  and  iron.  The  termination  ic  is 
added  to  the  name  of  a  substance  when  it  becomes  an  acid : 
thus  we  have  sulphunV  acid,  which  is  a  compound  of  sulphur 
and  oxygen.  When  the  substance  forms  two  acid^,  that  which 
Gontaina  tlie  soiallest  portion  of  oxygen  terminates  in  ous; 
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thus  we  have  sulphurous  acicL  The  termination  urei  indicates 
the  combination  of  one  simple  substance  with  another:  thus  we 
have  sulphured  of  iron,  which  expresses  a  compound  of  sul- 
phur and  iron.  Degrees  of  oxidation  are  sometimes  expressed 
by  Greek  or  Latin  prefixes :  thus  protoxide  expresses  the 
first  degree  of  oxidation,  ^noxide  the  second,  foroxide  the 
third,  and  so  on.  The  highest  degree  of  oxidation  is  usually 
expressed /peroxide.  When  an  acid,  whose  name  ends  with 
an  tc,  forms  a  salt,  its  name  terminates  with  an  ote  *  thus 
nitrtc  acid  forms  a  nitro^d  /  while  a  sulphurous  acid  forms  a 
sulphite  ;  and  so  on  to  other  cases. 

EXEBCISBS  ON  THE  USB  OF  ChEXICAL  FoBMULA. 

41.  One  of  the  greatest  advantages  of  chemical  formulae 
is,  that  they  enable  us  to  represent  chemical  combinations  and 
changes  with  such  clearness  and  precision. 

1.  1  eq.»  water  =  1  eq.  hydrogen  +  ^  cq*  oocygen 

=  H  +  6,  or  UO, 
=  14-8=9. 

2.  1  eq.  carbonic  acid  s=  1  eq.  caibon  -|-  2  eq.  oxygen 

r=  C  +  Oa.  or  COj, 
=  6+2X8  =  22. 

3.  1  eq.  nitric  acid  =  1  eq.  nitrogen  +  6  eq.  oxygen 

=  N  -f  O5.  or  NOfc 
=  14  -f  6  X  8  =  64. 

4.  1  eq.  pota»a  =  1  eq.  potassium  -|-  1  eq.  oxygen 

=  K  +  O.  or  KO, 
=  40  +  8  =  48. 

6.     1  eq.  carbonate  of  potaasa  =  1  eq.  potaasa  -f-  1  eq.  cazbonic  acid 

=  KO  -f  COa,  or 

KO  COj. 
=  48  4-  22  =  70. 

6.    1  eq.  ammonia  =  1  eq  nitrogen  -f-  3  eq.  hydrogen 

=  N  +  H8»  or  NH«, 
=  14  +  3  X  1  =  17. 

*  Eq.  is  used  as  an  abbreviation  of  the  word  egmvalent 


EXPERIMENTAL   CHEMISTRY.  481 

?.     1  eq.  hydrochloric  acid  =:  1  eq.  hydrogen  -|-  1  eq.  chlorine 

=  H  +  CI,  or  IICl, 
=  14-36=^7. 

8.  1  eq.  hydrochlorate  of  ammonia  =  NII3  +  HCl 

=  17  +  37  =  64. 

9.  1  cq.  bichloride  of  platinum  =  PI  4-  2C1,  or  PICI2, 

=  98  4-  2  X  36  =  170. 

10.  1  eq.  lime  =:  1  eq.  calciimi  +  1  cq.  oxygen 

=  Ca  +  O,  or  CaO, 
=  20  4-  8  =  28. 

11.  1  eq.  carbonate  of  lime  =  CaO  4"  CO2,  or  CaO  COj, 

=  28  4-  22  =  50. 

12.  The  action  in  Exp.  3,  Art.  12,  is  as  follows  :  — 

1  eq.  carbonate  of  potassa  4-  1  cq  lime 
=  KG  CO2  4.  CaO 
=  KG  4.  CaO  CO2. 

Here  KO,  or  potassa,  remains  in  solution,  and  CaO  CO^,  or  carbonate 
of  lime,  is  precipitated. 

13.  The  action  in  Exp.  1,  Art.  14,  is  as  follows  :  — 

1  eq.  sulphuric  acid  4-  1  «!•  water  4-  1  eq.  rinc 
=  SOs  4.  UO  4.  Zn 
=  ZnO  SO3  4-  H. 

Here  ZnO  KO3,  or  sulphate  of  oxide  of  zinc,  remains  in  solution,  and 
the  hydrogen  is  given  off. 

14.  The  action  in  Exp  1,  Art  13,  is  as  follo^-s  :  — 

1  cq.  hydrochloric  acid  +  1  cq.  carbonate  of  lime 
=  HCl  4.  CaO  COjj  • 

=  CaCl  4-  no  -f  COj. 

Here  CaCl  4~  ^^^t  or  chloride  of  oalrium  with  water,  is  formed,  and 
CO»  or  carbonic  acid,  is  given  off. 

15.  The  action  in  Exp.  1,  Art.  26,  is  as  iollowB  :  — 

1  eq.  sulphate  of  magnesia  4~  1  cq.  carbonate  of  potassa 
=  MgO  SO3  +  KO  CO9 
=  KO  SO3  4-  MgO  CO.2 

HiTc  MgO  (X)^,  or  carlxjiinte  of  magnesia,  falls,  and  KO  SQt»  Oi^ 
sulphate  of  potassa,  remains  in  solution. 

41 
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16.  I  eq.  nitiBte  of  copper,  or  nitrate  of  thr  oxide  tt  ooffet, 

^  1  cq.  oiidc  uf  ciqtpcr  -(•  1  eq.  nitric  adil 
=  CuO  -f  NOa,  or  CuU  NOf 

17.  The  actiuii  in  Exp.  3,  An.  3G,  is  as  fojloin :  — 

1  cq.  nitrate  of  the  oxide  of  (diver  +  I  eq.  bjdtDchloric  acid 
=  AgO  NOj  +  HQ 
=  NO,  +  110  +  AgCl. 
HoTG  NO],  or  nitric  itcid  with  wBtet.  TemaiiiB  iu  solution,  atid  AgC^ 
or  chloride  of  silver,  folLi. 

Section  V. 


OXYGEN ■ 


-0. 


42.  rnparalinn.  —  To  obtoin  oxygen  pure,  the  substance  whiih  eiip- 
plies  it  is  placed  in  a  retiot  oi  tube,  and  cxpneed  to  heut :  ^i  hi'u  ga.^  is 
evolvwi,  it  nuiBt  be  colletlcd  over  water,  either  in  the  piicuniatic  trough 
or  ill  a  gas  lioldcr.     (See  pogca  403  and  Mi.) 

43.  Oxg^jeii  obtained fram  hlaek  oiide  of  manjanei,:  — ThLo  siihslaiiee 
is  u$od  by  itorlf  whm  liirge  quatititiox  of  the  gas  are  mjuired.  The 
oxide  a  introduced  into  an  iron  bottle,  to  the  mouth  of  which  an  iiun 


r^--. 


tube  n,  is  ndnptdl,  and  luted  or  plnstered  otot  with  tumninn  pip"  claj, 
iiinde  into  paste  with  water  The  exircmity  of  this  tube  in  liit«i  to  > 
duxiUe  tube  b,  the  outer  end  iif  whicli  U  inserted  into  the  water  uf  a 


EXPERIMENTAL    CHEMTSTRY.  483 

gas  holder,  llie  bottk*  is  placed  upon  a  good  fire.  When  the  manga- 
nese attains  a  red  heat,  it  g^vcs  oif  a  portion  of  its  oxygen,  >vhich  ri^es 
within  the  gas  holder. 

llie  chemical  changes  which  take  place  in  this  proeeps  are  exhibited 
in  the  fioUowing  formulae :  — 

2  eq.  binoxide  of  manganese 
=  2Mn02  =  Mn204  =  MnjOs  +  O. 

Here,  after  the  process  is  completed,  Mn^,^,  or  sesquioxide  of  manga- 
nese, remains  in  the  retort.  The  gas  should  stand  for  a  short  time  over 
water,  in  order  to  absorb  any  carboiuc  acid  gas  which  it  may  contain. 

44.    Oxygen  obtained  from  chlorate  of  potassa.  —  Mix  about  equal 
parts  of  chlorate  of  potassa  and  black  oxide  of  manganese  in  a  mortur ; 
introduce  the  mixture  into  a  small  copper  or  green  glass  retort ;  apply 
the  flame  of  a  spirit  lamp, 
and  receive  the  gas  in  the 
gas  holder,  or  the  pneumatic 
trough. 

•If  only  a  small  quantity 
of  the  gas  is  wanted,  the 
mixture  may  be  introduced 
into  a  large  test  tube,  hav- 
ing a  cork  perforated  by  a  Fig.  22. 
bent  exit  tube,  as  in  the  annexed  cut. 

The  decomposition  is  reia-escntcd  by  the  following  formulse  :  — 

1  cq.  chlorate  of  potassa 
=  1  eq.  potassa  -{-  1  eq.  chloric  acid 
=  KO  -f  CIO5  =  KCl  +  Oe. 

Here  the  boat  rcwlves  the  chlorate  of  potassa  into  KCl,  or  chloridt  of 
potassium,  and  Or,  or  6  eqs.  of  oxygen.  The  manganese  in  the  mixture 
merely  aids  iu  keeping  a  steady  heat. 

ExrERIMEXTS   WITH    OXYOEN. 

I.  Introduce  a  lighted  taper  into  a  Iwttlc  of  this  gas :  the  flame  is 
increased  in  sixe  and  brilliancy.  Introduce  a  candle  with  a  smoulder- 
ing snuff :  it  bursts  into  flame.     (See  Fig.  23.) 

2  Put  some  pounded  charcoal  on  a  cup  attached  to  a  wire  passing 
through  a  cork  ;  heat  the  charcoal,  over  a  pyurit  lamp,  to  redness ; 
plunge  It  into  the  gas :  the  charcoal  glows  with  great  brightness,  and 
burets  into  flame.  Here  the  pnxlurt  of  combustion  is  carbonic  acid  gas. 
(Sc-eFig.  24.) 

S.  Bum  phosphorus  in  the  same  manner :  it  hums  with  great  Sfdendor. 
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IT  in  the  same  manner :  it  bums  with  a  besutifid  Uim 


4.   Bum  Btilpht 

6.  RoU  a  piece  of  fine  steel  wire  in  a  spiral  fiinn  lound  a  glass  tube : 
fix  me  ottranitj  of  the  wire  in  a  coik,  and  to  the  odier  estnanitr 


Fig.  23 


Fiff.  24, 


Fig.  26. 


attach  a  piece  of  cotton  wick  dipped  in  melted  BulidiiiT ;  ignite  the  widt, 
and  plunge  it  into  a  bottle  of  oxi^on  :  the  wire  takes  fire,  and  buitii 
with  beautiful  scintiUationn.  The  product  of  rombustion  in  thit  case  u 
oxide  of  iron.  To  prevent  the  bottle  irom  breaking,  the  bottom  should 
bo  covcrcii  with  wind.     (See  Fig.  25.) 

6.  Introduce  some  durk-colured 
Tcnmis  liloi'd  into  a  liotllc  of  oxy- 
gen :  the  Uloud,  upim  licini;  slia- 
kcn,  MHjii  miiiiins  the  llurid  color 
of  iirtwiid  hluod. 

7.  IVojcct  the  oxyjen  from  a 
fsa^i  holder  on  the  flame  of  a  i^piril 
lamp :  great  heat  is  produced. 
Hold  a  Amall  piei«  of  ch.ilk  or 
lira*  hdnrc  the  flnmc  -  tlic  tiRht 
of  the  lime  is  brilUaully  ivliitc 
and  intmse.     Bum  o  iiiccc  of  wiitch  Bprinp  in  the  flsme  ;  &c. 

8.  'Jake  a  larKf  pioi'c  of  tliun^oal,  and  make  a  wnall  hole  in  it ;  hold 
this  part  of  tin'  chiiroiial  over  a  lamp  until  it  becomes  red  hot ;  drop  * 
fmnll  caM  iron  nail  into  the  hole :  hold  the  hented  charcoal  before  a 
eircum  of  ux^en  lissuinp  from  a  jet  wilh  ill  orifice  turned  downwards  :) 
the  I'hnn'onl  hums  rii])idly ;  tlii^  nnil  becomes  white  hot,  then  fuMx,  and 
fiiinlly  buniii,  glvinf;  off  a  hrillinnt  sbomT  of  ignited  ^iinrkx  nf  the  metaL 
Tlii»  is  otic  of  the  mi»t  brautifiil  exjinimciits  in  tlie  wltole  range  of 
chcnil<ry. 

Various  other  metals  niny  be  ignited  in  the  «nme  inonncr. 
Tfti-omimOH  mmif/i  i/"ir;.i/i--.  ~  This  ooiisirts  nf  a  brass  tube,  baring  S 
very  Niiall  oriflce  ur  jetstone  end,  Ibr  projecting  a  small  constant  stream 
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of  air  upon  the  flame.    In  the  flame  of  a  common  candle,  6  is  a  hollow 
cone  containing  combustible  gw^es  in  excess ;   this  is  surrounded  by  a 
sheet  of  flame  a,  where  the  combustible  material  is  in  contact  with  the 
oxygen   of  tlie   air.      When  we 
blow  through  this  flame,  by  means 
of  the  blowpi^ie,  the  circumstances         /)i  lo 

arc  completely  changed  ;  b,  in  the 
second  figure,  contains  a  powerful 
flame,  having  combustible  gases 
in  excess;  this  portion  is  called 
the  deoxidizing  or  reducinfj  flames 
for  it  deprives  substances  of  their 
oxygen ;  a,  in  the  second  figure,  Fig,  27. 

is  a  fiame  where  the  oxygen  pre- 
ponderates ;  thw  portion  is  called  the  oxidizing  flame ^  for  it  communi- 
cates oxygen  to  the  substance  heated  in  it. 

When  a  metal  is  to  be  brought  to  the  state  of  an  oxide,  it  is  placed  in 
the  oxidizing  flame  a  ;  and  when  an  oxide  is  to  be  rodttced  to  the  metal- 
lic state,  it  is  placed  in  the  deoxidizing  or  reducing  flame  6.  The  most 
powiTful  heat  is  produced  at  the  apex  of  the  cone  c. 

In  using  the  mouth  blo\%*i)ipe,  the  student  must  endeavor  to  acquire 
the  power  of  keeping  up  a  constant  and  steady  blast,  by  forming  his 
mouth  into  a  V»afr  of  air,  while  at  the  same  time  he  breathes  through  his 
nostriL*.  'Hie  niaiuier  of  doing  this  is  diiiicult  to  explain  :  by  repeated 
triah,  hf)WLVi.T,  he  will  see  that  it  is  posiuble  to  do  so. 

Experiment,  —  Place  one  or  two  grains  of  oxide  of  lead  (litharge)  on  a 
pio<-e  of  charcoal,  and  hold  the  suKstance  in  the  reducing  flame  h ;  the 
metallic  lead  is  produtt'd  in  the  fonn  of  a  brilliant  globule;  bring  the 
globule  to  the  oxidizing  flame  a  ;  the  metal  is  oxidized,  and  presents  a  dull 
apptflrunce.     Various.  othiT  metals  may  be  treated  in  the  same  manner. 

The  peculiar  action  of  the  flame  of  the  blo\%i)ipc  constitutes  a  most  in- 
teresting and  useful  department  of  experimental  chenustry. 


IIYDKOGEN. 

45.  Preparation,  —  This  gas  is  most  conveniently  prepared  firom  zinc 
and  diluted  sulphuric  acid.  Put  some  zinc  cuttings, 
sulpliuric  acid,  and  about  five  times  the  quantity  of 
water,  into  a  retort  r,  (see  Fig.  14,  page  403,)  or 
into  a  bottle  6,  with  the  bent  tube  t ;  great  heat  Is  pro- 
duced by  the  mixture  of  the  acid  and  water,  and  the 
gas  is  copiou.>ly  evolved,  which  may  be  received  over 
water  in  the  pneimiatic  tnmgh  or  in  the  gas  holder. 
(Sec  Exerusc  13,  Art.  41.) 

41  ♦ 


Fig.  28. 
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Experiments  "wmi  Hydboobn. 

1.  Invert  a  jar  of  hydrogen  over  a  candle;  the 
flame  of  the  candle  is  extinguished,  but"  the  gas 
bums  at  the  mouth  of  the  vessel,  hi  this  way  the 
gas  takes  some  time  before  it  is  burned  away. 

2.  Ignite  a  jar  or  bottle  of  hydrogen,  having  the 
mouth  of  the  vessel  uppermost ;  in  this  case  the'gas 
bums  much  more  quickly  away,  in  consequence  of 
its  great  lightness  as  compared  with  the  air. 

3.  Introduce  the  gas  into  a  jar  a,  having  a  gas 
burner  ^,  and  stop  cock  c ;  open  the  cock,  and  at  the 
same  time  depress  the  jar  in  the  water ;  ignite  the 
gas  as  it  issues  from  tlie  small  oriiioe  g ;  the  gas 
bums  with  a  pale  yellow  flume,  which  gives  off  a 
great  deal  of  heat. 

Hold  a  dry  glass  tumbler  over  the  flame : 
water  is  deposited. 

Repeat  Exp.  2,  Art.  14. 

4.  Mix  in  a  strong  bottle  1  measure  of  hy- 
drogen with  2^  or  3  measures  of  common  air ; 
apply  the  flame  of  a  candle  to  the  mouth  of  the 
bottle:  the  mixture  detonates  with  a  consid- 
erable report. 

5.  Fill  a  bladder  with  tins  gas  from  a  capped 
receiver  ut  the  pneumatic  trough,  as  exhibited 
in  the  annexed  cut,  or  from  the  gas  holder ; 
adjust  a  common  tobacco  pipe  to  thp  stop  cock, 
and  blow  soap  bubbles  by  gi\'ing  a  gentle  pres- 
sure to  the  bladder :  these  soap  bubbles,  being 
filled  with  hydrogen,  are  lij^hter  than  the  air, 
and  they  ascend  in  the  atmosphere  like  little 
balloons.  Bring  the  flame  of  a  candle  in  con- 
tact with  one  of  these  hydrogen  bubbles :  it 
explodes. 

6.  Fill  a  small  balloon  -with  hydrogen,  or 
common  street  gas  and  load  it  with  a  light 
papcT  car,  so  as  to  keep  it  suspended  in  the  air. 

7.  Throw  a  stream  of  hydrogen  on  spongy 
platinum.     (See  Exp.  3,  Art.  37.)     To  in- 
sure the  success  of  the  experiment,  the  plat- 
inum should  be  previously  heated  to  redness 
.before  the  spirit  lamp. 

8.  Mix  ovcT  the  pneumatic  trough  a  por- 
ioo  of  oxygen  with  twice  its  volume  of  hy- 


Fig.29. 
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drogm :  fill  a  common  soda  water  bottle  ftill  ■with  the  mixed  gases ;  ap- 
ply the  flame  of  a  taper :  the  gases  detonate  with  a  loud  report. 


Fig,  33. 


Composition  of  Water. 

46.  It  has  already  been  explained  that  water  is  composed  of  8  parts 
by  weight  of  oxygen  and  1  part  of  hydrogen.  Now,  oxygen  is  exactly 
16  times  heavier  than  hydrogen ;  hence  it  follows  that  there  must  be 
double  the  quantity  by  volume  of  hydrogen  to  form  water.  The  com- 
position oi  water  may  be  determined  in  two  ways :  first,  by  si/tUhe- 
n»,  or  by  bringing  the  elements  together;  second,  by  atialyais,  or  by 
separating  the  elements  from  each  other. 

Synthesis,  —  Introduce  the  mixed 
gases,  2  volumes  or  measures  of  hy- 
drogen -and  1  volume  or  measure  of 
oxygen,  into  a  strong  graduated  tube 
(Volta's  Eudimometcr)  having  ti**o 
wires  nearly  meeting  each  other 
within  the  tube  at  the  top  ;  pass  an 
electric  spark  through  the  mixed 
gases  by  means  of  a  charged  liCyden 
jar,  as  shown  in  the  annexed  cut : 
the  gases  combine  with  ignition,  wa- 
ter is  formed,  and  a  complete  vacuimi 
is  produced,  which  is  filled  up  by  the  ascent  of  the  water  in  the  trough. 

Analysis.  —  Two  wjual  tubes,  O  and  II,  filled 
with  water,  arc  inverted  over  the  two  poles  of 
a  galvanic  Iwtterj- ;  when  the  batttTV  is  put  in 
action  the  water  is  ro^cilvrd  into  the  two  ga'^es  ; 
the  oxygen  rises  in  tlie  tiibc^  ()  placed  over  the 
positive  iX)lo,  and  the  hy  In  l:o!\  ii.to  tlie  tuK' 
H  placed  over  tliL-  lu'trntivc  jii-lc-.  A^tht  ai;:ily- 
sis  proccedN  it  wiil  Ix-  mi-  i  tl  .t  tl:e  volume  nf 
the  hydrogen  i>  always  jli  'i!)lo  that  of  the 
oxyg<fn. 

47.  Water  u*  ;»]so  de(«  \\.\.*  d  bv  ]>as8inj;  u 
current  of  st'um  iIp  '.-.li  u;  iM«i  \\i\>  |:artial- 
ly  filled  with  in)ij  tilmus,  and  kq>t  nt  a  retl 
heat  bv  a  furnace.     In  this  cut.  r  r  ••irrs«>ntH 

the  retort  in  which  the  water  is  l)eing  lx>iled  ;  /  /  the  n»d  liot  tuln?  pa-tsing 
through  the  fumaeo  F :  the  bent  pipe  6  conveys  the  liydrojjen  gas  into  a 
jar  e  standing  on  the  shelf  of  a  pneimiatie  trough  T.  In  this  interesting 
ezperiment  the  steam  paatdng  over  the  heated  iron  is  decomposed ;  the 
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iron,  taking  up  the  oxygen,  becomes  an  oxide  of  inm,  and  tlie  hjdnigen 

is  disengaged. 


Ignition  of  the  Mixed  Gaset.      Oxy-hydrogm  ISowpipe. 


18.  The  frimplcst  ms 
the  ignition  of  mixed 
The  hydn^cn  ia  formod  in  the  hotllc  b,  Ibe 
cork  of  which  is  pcrforatnl  by  two  tuba ;  a 
is  a  fiumel- shaped  tube,  for  the  purpose  of 
Bupijlying  eulphuric  acid  as  i)  is  raiuircd ;  t 
l»  a  bent  tube  convc^j-iug  the  hj-drogen  for 
ijtnition  ;  •  r  is  the  tube  with  a  stop  cock 
anil  jcl,  convcyiiif-  n  stream  of  oxygen  from 
a  Ras  holdfT  on  the  hydroijen  flame.  The 
Turious  cxperinicntK  deserilied  in  Art.  H 
mny  lie  tried  wiih  this  flame. 

■ifl.    Danirta  hl'iir/iipe.  —  In  thi-j  nppnra- 


iiuon  tube  b 


contained  in  the  bladders  H 


and  O,  pmviiled  vriih  ptop  cocks.  The  hydrogen  is  first  ignited,  and 
then  the  pressure  upon  the  bloddtr  containing  the  oxyjten  is  regulated 
Ki  as  to  produce  the  maximum  heating  elfect  oii  the  flame. 
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50.  The  following  economical  apparatus,  answering  the  double  pur- 
pose  of  a  gas  holder  and  an  oxy-hydrogen  blowpipe,  has  been  success- 
fully used  by  the  author  of  tlds  work.  In  the 
annexed  cut,  r  represent**  the  gas  receiver;  s 
a  shelf  which  screws  on  at  b;  e  and  c  stop 
cocks,  as  in  the  ordinary  gas  holder,  (seep.  4G4  ;) 
A  ^  a  jet  filled  with  \%'ire  gauze  at  the  thick  part 
A ;  /»  on  aperture  for  receiving  the  beak  of  a  re- 
tort ;  n  A;  a  bent  pipe  passing  into  the  interior 
of  the  receiver  r;  k  t  9.  flexible  tube,  which 
screws  on  at  kt  and  forms  a  connection  with  a 
bladder  containing  the  mixed  gases ;  /  a  funnel 
with  a  tube  and  ttop  cock  for  screwing  on  at 
k»  The  tubular  portion  d  6  is  «lx)ut  \  inch  in- 
ternal diameter  and  2  inches  in  length.  When 
the  apparatus  is  to  be  used  as  an  oxy-hydrogen 
blowpipe,  water  is  intn)duccd  into  the  receiver,  so  as  to  stand  at  the  level 
d;  the  orifice  at  6  is  closed  by  means  of  a  cork,  and  the  bladder  con- 
taining the  mixed  gai«e.s  is  screwed  on  at  k ,  the  safety  jet  A  y  is  screwed 
on  the  stop  cock  e ;  ujx)n  prcsMire  being  applied  to  the  bladder,  the 
mixed  gases  rise  throu«^h  tlic  water,  and  iilling  tlie  space  d  A,  pass 
out  in  a  strong  stn'uni  llirouj»h  the  jet  y,  and  are  there  ignited.  This 
orrangL'ment  is  i^erftctly  fafe,  ior  in  the  event  of  the  flame  passing 
along  the  safety  tul  e  A,  we  can  only  have  an  explosion  of  the  pases  con- 
tained in  the  miiliII  ehanibcr  d  /»,  the  cmlv  e'Toet  of  which  would  be  to 
blow  out  ll:e  eoik  in  the  orifice  6,  as  the  hu-ge  Ixxiy  of  water  in  r  most 
effectually  cuts  o:f  all  communication  with  the  gases  in  the  bladder. 
When  the  apparatus  is  to  \yc  used  a**  a  gas  holder,  the  shelf  s  is  screwed 
on  at  bt  the  funnel/ at  A-,  and  ga^es  are  received  and  transmitted  in  the 
same  maimer  as  in  the  orduiar}'  gas  holder. 


Fig.  38. 


Analysis  of  Atmospheric  Air  bt/  the  Detonation  of  Hydrogen 

in   Volta^s  Audiometer, 

61.  Mix  over  the  pneumatic  trough  2  volumes  of  atmospheric  air  and 
1  volume  of  hydrogen ;  intrwluce  a  small  portion  of  this  mixture  into 
the  eudiometer  tulic  (Art.  40)  so  as  to  occupy  15  divLsioiLH  of  the  tube; 
detonate  by  the  electric  spark  :  after  detonation  the  gas  only  occuiries  9 
divisions  of  the  tu))e ;  that  Is,  fi  parts  have  disappenrcfl,  in  consetjuence 
of  all  the  oxypen  having  combined  with  a  portion  of  the  hydrogen  to 
form  water.  Now,  the  gaseoiw  mixture  in  the  tube  contained  10  parts 
of  air  and  o  of  hydrogen ;  and  since  water  is  composed  of  1  volume  of 
oxygen  and  2  volumes  of  hydrogen,  one  third  of  the  diminution  must 
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giye  the  quantity  of  oxygen  in  the  10  volumes  of  air  originally  in  the 
tube ;  that  is,  2  vohiincs  of  oxygen  have  disappeared ;  but  2  is  one  fifth 
of  10 ;  therefore  one  tilth  of  atmospheric  air  is  oxygen,  and  the  remaining 
four  fifths  are  nitrogen  :  hence  in  100  volumes  of  air,  20  are  oxygen  and 
80  are  nitrogen. 

NITROGEN   AND    ITS    COMPOUNDS    WITH   OXYGEN. 

52.  For  the  preparation  and  properties  of  nitrogen,  see  Art.  15,  and 
Expa.  4  and  5. 

Protoxide  of  Nitrogen  —  NO. 

This  gaseous  compound  is  familiarly  kno^Ti  by  the  name  of  the  lattgh' 
ing  ffaSf  from  the  ludicrous  effect  which  it  has  upon  persons  who  respire 
it.  This  gas  is  not  iiifiammable,  but  it  supix>rts  combustion  with  greater 
brilliancy  than  common  air. 

Preparation,  —  Introduce  some  cr^'stals  of  nitrate  of  ammonia  ♦  into 
a  large  retort ;  apply  the  heat  of  an  Argand  lamp  having  a  copper  flue, 
to  give  stcadinchs  to  tlie  flame ;  at  a  temperature  of  400°  the  salt  fuses, 
and  tlien  gives  off  the  gas  in  great  abundance,  which  may  be  received  in 
the  gas  holder  tilled  with  icnnn  water,  as  cold  water  largely  al>surbs  the 
pas.  It  should  stand  for  two  or  tlirec  hours  over  a  little  water,  to  ab- 
sorb any  fumes  of  nitrous  acid  tliat  may  be  formed  in  the  process.  The 
whole  of  tlic  salt  is  resolved  by  heat  into  this  gas  and  water,  as  bliovkni 
by  tlie  following  symbols :  — 

1  eq.  nitrate  of  ammonia 
=  1  eq.  ammonia  -|-  1  eq.  nitric  acid 
=  NII3  -f  NO5 
=  II,  ^-  O3  -f  Na  -f  O2  =  3H0  -f-  2NO. 

Hence  it  appears  that  1  eq.  of  nitrate  of  ammonia  yields  3  eq.  of  wa- 
ter and  2  eq.  of  the  protoxide  of  nitrogen. 

Experiments. 

1.  Plunge  a  burning  candle  into  a  bottle  of  this  gas:  the  flame  is 
much  increased  in  brilliancy  in  6onsequencc  of  the  large  quantity  of 
oxygen  which  the  gas  contains. 

♦  To  prrparc  this  salt,  adrl  carbonate  of  ammonia  in  powder  to  nitric  arid 
di'mtod  with  about  throe  parts  of  water  until  otfer\csccnro  ceasrs;  cva|Kirate 
tlio  s()lutioii  until  a  drop  of  the  liquid  let  fall  u\Hm  a  cold  plate  becomes  a 
solid  mass.  A  little  ammonia  shoidd  be  added  towards  the  close  of  the  pro- 
ceas  to  rcuder  the  suit  perfectly  alkaline. 
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2.  Introduce  a  large  splinter  of  wood  having  a  glowing  red  spark  into 
this  gas :  the  Hame  is  rekindled,  as  ui  the  case  of  oxygen  gas. 

3.  Transfer  this  gas  from  the  gas  bolder  into  a  damp  bladder  having 
a  wide  wooden  mouth  piece ;  place  the  mouth- 
piece between  the  teeth  of  the  penon  who  is 
to  inhale  the  gas ;  let  him  close  his  nostrils 
with  his  fore  finger  and  thumb,  and  then  let 
him  breathe  the  gas  in  the  bladder:  various 
effects,  more  or  less  ludicrous,  are  produced 
upon  persons  inhaling  the  gas.     All  kinds  of 

apparatus  should  be  removed,  for  they  arc  liable  to  be  injured  by  the 
inhaler ;  or  better,  let  the  inhaler  be  out  doors. 


Fig.  39. 


Binoxide  of  Nitrogen  —  NO^. 

This  compound  is  a  colorless  gas,  similar  in  appearance  to  common 
air :  it  is  sparingly  absorbed  by  water. 

Preparation.  —  Put  some  copper  cuttings  into  a  retort,  pour  nitric 
acid  upon  them,  and  then  add  about  on  equal  quantity  of  water :  *  brisk 
efferveKience  takes  place  without  the  aid  of  heat,  and  the  gas  may  be 
collected  dver  water  in  the  pneumatic  trough. 

The  decomposition  is  rejircscnted  by  the  following  formulae :  — 

4  eq.  nitric  arid  +  3  eq.  copper 
=  4N05     -f-  :K'u 
=  NOiOa  -f  3NO5  -f  3Cu 
==  NO2       -f  3(  CuO  -f  XOr) 
=  binoxide  of  nitrogen  -j-  3  nitrate  of  the  oxide  of  copper. 

Experiments. 

1.  Transfbr  a  bottle  of  this  gas  over  the  pneumatic  trough  into  a 
similar  bottle  nearly  tilled  with  conmion  air ;  red  fumes  of  nitrous  acid 
(NO4)  are  instantly  fonned,  which  are  wx)n  absorbed  by  the  water. 
This  constitutes  a  characteristic  property  of  the  binoxide  of  nitrogen, 
and  it  Ls  u^ed  in  this  way  to  detect  the  presence  of  free  oxygen. 

2.  Plunge  a  piece  of  burning  phosphorus  into  a  bottle  of  tliis  gas : 
the  phosphorus  continues  to  bum. 

3.  Bum  a  mixture  of  this  gas  and  hydrogen,  (see  cut  to  Exp.  3,  Art. 
45  :)  the  mixed  ga-ocs  bum  Tinth  a  grcen-oolored  flame. 

4.  Transfer  a  bottle  of  binoxide  of  nitrogen  to  a  cup  containing  a  so- 
lution of  sulphate  of  iron  :  the  solution  becomes  black. 


*  The  diluted  add  should  have  a  speciAc  gravity  of  12. 
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Nitric  Acid — NO5. 

For  the  leading  properties  of  this  acid,  aee  Art.  17. 

Preparation.  —  Mix  equal  weights  of  nitrate  of  potaasa  (nitre)  and  oil 
of  Titriol  of  commerce  in  a  retort ;  heat  the  retort  over  a  chauffer  «» 
containing  heated  charcoal,  (a  sand  bath  or  an  Argand  lamp  would  an- 
swer the  purpose  equally  as  well :)  nitric  add  distils  over,  and  is  oon- 


Fig.  40. 

dcnsed  in  the  liquid  form  in  the  receiver  c,  kept  cool  by  a  stream  of 
water  proceeding  from  ayad,.  The  stream  of  water  may  be  conveniently 
supplied  from  a  funnel  having  its  tube  partially  closed  by  a  piece  of  rag. 

The  decomposition  is  as  follows :  — 

2  eq.  sulphuric  acid  +  water  +  1  eq.  nitrate  of  potassa 

=  SO,  -f  2HO  -f-  KO  XOr 
=  KO  2S0,  +  HO  +  NO5  -f  HO 
=  bifailphate  of  potassa  and  water  + 
nitric  acid  and  water. 

Distillations  of  any  kind  are  conveniently  effected  by  means  of  Lie- 
big's  condensing  tube. 


Fig.  41. 

The  liquid  to  be  distilled  is  placed  in  the  retort  r,  to  which  a  sofRcient 
heat  is  applied  to  boil  the  liquid  :  the  vapor,  as  it  paaaes  along  the  tubes. 
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Is  condensed  by  the  cold  kept  up  in  the  condensing  tube  S  ^  F,  and  the 
liquid  drops  into  the  receiver  K.  The  construction  of  this  condensing 
tube  is  exceedingly  ingenious :  <  is  a  wide  tin  tube ;  F  a  funnel  passing 
into  it  for  the  purpose  of  supplying  cold  water ;  S  a  siphon  for  carrj'uig 
oif  the  hot  water ;  a  glass  tub(.>  passing  through  this  tin  tube  is  connected 
with  the  beuk  of  tlic  retort  and  the  receiver  K ;  this  glass  tube  pusses 
through  perforated  corks  ins<Tted  at  each  end  of  the  tin  tube  L  Now, 
this  glass  tube  is  continually  siirroundcd  by  cold  water  ;  for  while  cold 
watiT  is  being  supplied  by  the  funnel  F,  the  water,  as  it  becomes  heated, 
rist^  within  the  tin  tube,  and  is  carried  off  by^he  siphons- 

Exjteriment,  —  Ilcat  gently  some  oil  of  turpentine  in  a  portelain  basin ; 
pour  suddenly  upon  it  a  mixture  of  one  part  of  sulphuric  acid  and  two 
parts  of  nitric  acid :  combustion  takes  place,  with  the  evolution  of  a 
dense  smoke.  In  order  to  avoid  accident,  the  mixed  acid  should  be 
poured  frum  a  bottle  tied  to  the  end  of  a  stick. 

CARBON,   SULPHUR,    AND    PnOSPIIORUS,   THEIR     COMPOUNDS 

WITH  OXYGEN  AND  HYDROGEN. 

Carbonic   Oxide  —  CO. 

t53.  This  Ls  a  colorless  g&s  ;  it  is  the  gas  that  bums  with  a  blue  flame 
at  the  top  of  a  coke  or  charcoal  fire. 

Preparation.  —  Mix  pounded  oxalic  acid  with  sulphuric  acid  in  a 
retort,  and  apply  heat :  carl?o'.iic  oxide  and  carbonic  acid  gases  are  given 
off,  which  may  be  rcttrived  over  the  pneumatic  trough.  By  allo\%'ing 
the  gases  to  stand  ovtT  water  f(/r  a  few  hours,  or  by  agitating  them  with 
lime  water,  the  rarlxMiic  acid  gas  is  absorlxxl,  and  the  earlw)nic  oxide  is 
left  pure.  Oxalic  acid  may  bo  regarded  as  a  compomid  of  car1x)nic 
oxide  and  carl)onic  acid  witli  water  ;  thas :  — 

I  eq.  oxalic  acid  =  C;0,  -|-  water  ==  CO  -f-  COj  -f"  water.  Now, 
the  sulphuric  acid  combines  -with  the  water,  and  sets  the  two  gases  free. 

Experiment.  —  Plunge  a  li«jbte<l  taper  into  a  bottle  of  this  gas :  the 
taper  is  extinguished,  but  the  ga**  bums  at  the  mouth  of  the  Iwttle  with 
a  beautiful  blue  flame :  thus  carbonic  oxide  is  iujlamniabley  but  it  does 
not  support  combustion 

Carbon ic  Acid  —  CO3. 

61.  Preparation* —  Carbonic  acid  pa",  lieing  more  than  1^  times  heav- 
ier than  common  air,  may  be  prepared  sufHeiently  pure  by  the  following 
]irocess.  llie  gas  Is  generatixl  in  the  lx»ttle  A  («pe  Exp.  1,  Art.  13  ;)  a 
bent  tube  bed  i>asBe8  through  a  cork  6,  and  dcHccnda  to  th«  bottom  of 
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the  open  bottle  d :  as  the  gas  enters  the  bottle 
rf,  the  common  air  is  displaced.  •  A  little  expe- 
rience will  readily  enable  the  experimenter  to 
ascertain  when  the  bottle  is  tilled  ^ith  the  gas. 

When  this  gas  is  received  over  the  pneumatic 
trough,  the  water  should  be  warm  ;  for  carbonic 
acid  gas  is  largely  absorbed  by  cold  water. 

Experiments. 

1.  Invert  a  jar  or  bottle  of  the  gas  over  a  burning  candle :  the  gas  by 
its  gravity  falls  upon  the  candle,  ar.d  extinguishes  the 
flame. 

2.  Place  a  burning  candle  in  an  open  jar;  take  a 
bottle  of  carbonic  acid  gas,  and  pour  it  into  the  jar : 
the  dame  Is  extinguished.  This  shows  that  carbonic 
acid  gas  is  much  heavier  than  common  air. 

3.  Pour  some  lime  water  into  a  bottle  containing 
this  gas :  carlx)nate  of  lime  is  formed  :  shake  the 
liquid,  and  it  bcoomos  clear,  in  consequence  of  the 
carbonate  of  lime  hc\u^  soluble  in  an  excess  of  car- 
bonic acid.  In  this  way  lime  is  dissolved  in  spring 
water. 

4.  Add  a  little  water  to  a  bottle  of  the  gas ;  shake  the  bottle;  the 
water  takes  up  the  gas,  and  acquires  derided  acid  properties  ;  add  a  little 
solution  of  litmus :  the  blue  is  changed  to  red. 


Carburetted  Hydrogen  —  CILm 

f5o.  This  gas  is  formed  in  marshes  and  stagnant  |X)oLs  ;  it  is  but  little 
more  than  half  the  weight  of  common  air ;  it  is  highly  inflamn\al)le,  and 
forms  i\\2jire  damp  of  the  miners.  When  coal  is  heated  to  redness,  it  is 
resolved  into  tarry  matter,  and  certain  gaseous  compounds  of  carbon  and 
hydrogen,  containing  ^bout  seventy  per  cent,  of  carburetted  hydrogen. 

Experiments. 

1 .  Invert  a  bottle  filled  with  water  in  a  stagnant  pool ;  insert  a  fun- 
nel into  the  bottle  to  catch  the  gas  ;  stir  up  the  bottom  of  the  pool  with 
a  stick :  bubbles  of  carburetted  hydrogen  gas  rise,  which  are  easily 
received  through  the  funnel.  Ignite  the  gas  thus  obtained :  it  burns 
with  a  vcllow  liame.  * 


*  Gases  whidi  are  lighter  than  the  air,  such  as  ammoniacal  gas,  may  be 
received  in  buttles  \%ith  tlieir  mouths  inverted. 
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2.  Mix  I  mca.surc  of  this  gas  with  7  or  S  of  common  air,  in  a  bottle ; 
apply  the  flame  of  a  candle  :  the  gas  explodes  with  some  violence.  Mix 
1  measure  of  the  gas  with  3  or  4  measures  of  air,  and  ignite  the  gases : 
they  burn  without  explosion. 

3.  Put  some  pounded  coal  into  a  test  tube,  fitted  with  a  cork  and  the 
stem  of  a  tobacco  pipe ;  apply  the  flame  of  a  spirit  lamp  :  gas  is  disen- 
gaged, which  may  be  inflamed  as  it  issues  from  the  small  orifice  of  the 

pipe. 

4.  The  flame  of  a  candle  is  produced  by  the  ignition  of  carburetted 
hydrogen  ga^cs.     Bring  one  extremity  of  a  tube, 

about  i  of  an  inch  in  diameter,  into  the  centre  of 
the  flume  of  a  candle  :  the  gases  rise  up  the  tube, 
and  may  be  ignited  as  they  CK-apc  at  the  upper  end. 
Thui  cxj)oriment  also  sho^^t)  that  flame  is  hollow. 

6(1.  The  Davy  lamp.  —  Carburetted  hydrogen 
occurs  in  coal  pits,  from  the  decomposition  of  the 
coal,  where  it  sometimes  explodes  by  coming  in 
contact  with  flame ;  and  thus  melancholy  accidents 
take  place.  The  Davy  lamp  is  designed  to  prevent 
these  explosions.  ^^9'  ^^» 

Experiment,  —  Take  a  piece  of  fine  wire  gauze :  hold  it  across  the 
flame  of  a  lamp ;  the  flame  does  not  X)as8  through  the  gauze.  Blow  out 
the  flame,  and  ignite  the  smoke  as  it  rises  through  the  gauze :  the  flame 
docs  not  descend  below  the  gauze. 


Fiff.  46.  Fig,  46. 

This  experiment  exhibits  the  principle  upon  which  the  Davy  lamp  is 
constnu-tcd  :  the  itietal,  being  a  good  conductor  of  heat,  cooLs  down  the 
temperature  of  the  inflammable  matter  in  contact  ^*ith  it,  and  thereby 
extingriiishes  the  flame  on  the  side  opposite  to  the  burning  body.  The 
Davy  lamp  simply  consists  of  a  lamp  surrounded  by  wire  gauze  to  pre- 
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vent  flame  extending  from  the  interior  of  the  lamp  to  the  adjacent  at- 
mosphere. 

$ 

Olejiant   Gas,  or  Heavy  Carhuretted  Hydrogen  —  C4  H4. 

57.  This  gas,  o^ing  to  its  illuminating  power,  is  the  most  ▼aluible 
constituent  of  street  gas.  It  contains  a  larger  quantity  of  carbon  than 
the  light  carburetted  hydrogen.  Coal  gas,  when  well  prepared,  contains 
about  12  per  cent,  of  olehant  gas. 

Preparation,  —  Mix  one  part  of  alcohol  ^ith  6  or  6  parts  of  sulphuric 
acid  in  a  retort ;  apply  the  heat  of  an  Argaiid  lamp :  the  gas  comes  over 
in  great  abundance,  which  may  be  received  over  water  in  the  pneumatic 
trough. 

EXPEHIMENTS. 

1.  Plunge  a  lighted  candle  into  a  bottle  of  this  gas :  the  flame  of  the 
candle  is  extinguished  ;  but  the  gas  bums,  at  the  mouth  of  the  bottle, 
with  a  fine,  briUiant  flame. 

2.  Hum  this  gas  in  a  capi>ed  reccivtT.     (Sec  cut  to  Exp.  3,  Art.  45.) 

3.  Mix  3  volumes  of   oxygen   with  1   volume  of  oli'tiaut  gas  in  a 

strong  common  soda  water  bottle;  ignite  the  mixed  gases*:  a  \-iolent 

explosion  takes  i)lacc,  carbonic  acid  wd  water  being  formed :  thus  we 

have 

olcfiant  gas  and  oxypcn 

=  CJI^  -j-  0«  =  2CO,"-f  2II0. 

1 .  Mix  #  measures  of  chlorine  with  1  mcasiire  of  olcfiant  gas  in  a 
bottle ;  introduce  a  liglited  candle :  the  gases  bum  with  a  red  flame, 
with  a  eoj)ious  deposition  of  lampblack,  thereby  showing  that  olcfiant 
gas  contains  carbon. 

Sidphuroiis  Acid —  SO,. 

58.  This  acid  may  be  procured  in  a  pure  state  by  boiling  in  a  retort 
sulphuric  acid  with  copper  cuttings  :  the  gas  may  be  received  by  dis- 
placement, as  in  Art.  54.  The  action  is  represented  by  the  following 
symbols :  — 

2  eq.  siilphuric  acid  -|-  1  eq.  copper 

=  2S0,  -f  CIJ 

=  SOj  -f  CuO  SO, 

=  sulphurous  acid   -^  sidphate  of  oxide  of  copper. 

By  parsing  a  current  of  the  gas  thnnigh  water,  a  solution  of  sulphur- 
ous acid  is  obtained.  It  iniites  with  bases,  forming  sulphites.  The  gas 
is  used  in  bleaching  woollens 
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Sulphuric  Acid  —  SO4. 

59.  This  valuable  acid  is  made  by  the  manufacturer  on  a  large  scale, 
by  burning  sulphur  in  a  furnace,  where  nitric  acid  is,  at  the  same  time, 
formed  by  the  decomposition  of  nitrate  of  soda  by  means  of  sulphuric 
acid :  the  sulphurous  and  nitric  acids  pa%  into  a  succession  of  leaden 
chambers  containing  a  portion  of  water,  to  dLasolve  the  sulphuric  acid,  as 
it  is  being  formed  by  the  nitric  acid  giving  up  a  portion  of  its  oxygen. 
In  the  amiexed  cut,  a  represents  the  furnace  in  which  the  sulphurous 
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Fig,  47. 

and  nitric  acids  are  formed  ;  h  h  the  leaden  chambers  containing  some 
water.  The  sulphur  is  spread  over  the  bottom  of  the  furnace,  and  the 
nitre  is  placed  in  the  cup,  shown  in  the  cut.  ITie  second  chamber  com- 
municates Vith  a  high  chimney,  for  creating  a  draught,  and  also  for 
carr}dng  off  the  surplus  vapors. 


Sulphuretted  Hydrogen^  or  Hydrosulphuric  Acid —  US. 

60.  Preparation.  —  Ileat  sulphuret  of  antimony  in  a  retort,  with  4  or 
6  times  its  weight  of  hydrochloric  acid,  and  collect  the  gras  over  warm 
water  in  the  pneumatic  trough,  (or  by  displacement,  as  in  Art.  54.)  As 
the  bottles  are  filled  with  the  gas,  they  should  be  speedily  removed  and 
closed. 

The  action  is  represented  in  the  following  symbols :  — 

1  eq.  scsquisulphuret  of  antimony  -f*  3  cq.  hydrochloric  acid 
=  ShjSi  +  3HC1 
=  3HS    -I-  SbiCl, 

=  3  cq.  sulphuretted  hydrogen  4*  I  cq.  scsquichloridc  of 
antimony. 

EXPEBIMENTS. 

1.  Invert  a  jar  of  this  gas ;  apply  a  lighted  match :  the  gas  bums 
with  a  pale  blue  flame  with  the  deposition  of  sulphur. 

2.  Pour  a  few  drops  of  strong  nitric  acid  into  a  bottle  of  this  gas, 
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and  immediately  close  the  mouth  with  the  thumb,  protected  by  a  pSeoe 
of  paper :  an  explosion  takes  place  with  the  deposition  of  tnilphur. 

3.  Generate  the  gas  in  a  flask  fitted  with  a  cork  and  bent  tube 
ing  into  a  solution  of  anteiiious  acid,  (arsenic  of  com- 
merce:) an  orange-colored  precipitate  is  formed  of  a 
sulphuret  of  arsenic.    Sulphuretted  hydrogen  is  much 
used  in  this  way  as  a  test  for  metals. 

4.  Transmit,  as  in  the  last  experiment,  a  current  of 
the  gas  through  liquid  ammonia  :  a  solution  of  hydro- 
sulphurct  of  ammonia  Is  formed.  This  solution  is 
much  used  as  a  re-agent. 


Fig,  48. 


Phosphuretfed  Hydrogen  —  PHj. 


61.  Experiment  1.  —  Put  some  thin  slices  of  phosphorus  into  a  small 
retort,  and  fill  it  completely  with  a  mixture  of  lime  and  warm  water ; 
insert  the  beak  of  the  retort  in  a  vessel  containing  warm  water ;  boil  the 


Fig.  40. 


niixtiiro :  bubbk-s  of  ])hosi»hnrotti'(l  hy(ln)gon  p«s  arc  given  off,  which, 
t>sc>a]nng  into  the  air,  i<^nte  spontaneously,  and  form  beautiful  rings  of 
smoke. 

2.  Invert  a  test  tube  fiUcd  with  water  over  the  beak  of  the  retort  in 
which  the  ^as  Is  being  fornuHl :  the  \\\\\c  is  srton  tilled  with  the  gas. 
Observe^  that  the  gn<  is  colorhss  and  tran-'^juirent  like  common  air  ;  cover 
the  mouth  of  the  tube  with  tlu»  tiire  iinijer.  and  transfer  the  gas  into  ajar 
of  oxygt^n  standing  on  the  slielf  of  the  pncunmtie  trough;  the  bubbles, 
as  they  rise  into  the  jar,  cnteh  fire,  giving  a  splendid  flash  of  light. 
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CHLORINE  —  CI. 

62.  Preparation.  —  Introduce  into  a  retort  hydrochloric  acid  and  black 
oxide  of  manganese,  so  as  to  form  a  tliiii  paste  ;  heat  the  mixture  "^^ith 
an  Argaiid  lamp :  chlorine  gas  is  speedily  given  off,  which  may  \ye  rec- 
ognized by  its  i>eculiar  color  and  suffocating  odor  ;  receive  the  gas  over 
warm  water  in  a  small  pneumatic  trough,  (or  by  displacement ;  see  Art. 
64.)    The  action  is  rcpra-«?nted  by  the  followuig  symbols:  — 

2  eq.  hydrochloric  acid  -|-  1  eq.  oxide  of  manganese 
=  2HC1  -f  MnO, 
=       CI  -f  MnCl  -f  2H0 
=  1  eq.  chlorine  -f-  chloride  of  manganese  and  2  cq.  water. 

Experiments. 

• 

1.  Repeat  Exp.  1,  Art.  22. 

2.  Let  fall  powdered  antimony  into  a  bottle  of  tlus  gas ;  the  metal 
Ignites  spontaneously,  and  fonns  a  beautiful  shower  of  flame.  Various 
jther  metals  ignite  spontaneously  ii\  thiis  gas,  and  form  chloride*. 

3.  Put  a  piece  of  pink  caHco  moistened  with  water  into  a  bottle  of 
chlorine :  the  color  is  speedily  discharged. 

Hydrochloric  Acid — HCl. 

63.  To  obtain  this  acid  in  the  gaseous  state,  introduce  into  a  retort 
common  salt  and  as  much  sulphuric  acid  as  will  form  a  thin 

paste ;  apply  the  flame  of  an  Argand  lamp,  and  receive  the  gas 
by  displacement,  as  it  is  hi'^hly  soluble  in  water.    (See  Art.  64.) 

Exprriftieiif.  —  Place  a  lK)ttle  of  this  gas  over  a  bottle  of  am- 
moniacal  gas :  the  cases  combme  and  furm  dense  white  fumes 
of  hydrochlornto  of  ammonia. 

Liquid  hydrochloric  acid  may  ho  prepared  in  considerable 
quantities  by  transniittuisj  a  current  of  the  gas  tlurough  water ; 
it  may  also  Ix?  made  on  a  small  scale,  after  the  maimer  of  pre- 
paring nitric  acid,  (see  page  402,)  taking  can*  in  this  case  to  put  fV«,  50. 
watcT  into  the  receiver  h. 

Cyanogen  —  Cy,  or  QN. 

64.  Erperiment,  —  Introduce  a  few  grains  of  cyanide  of  mercury 
(HgCy)  into  a  test  tube  fitted  with  a  cork  and  bent  tube;  apply  the 
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Fiff.51. 

flame  of  a  spirit  lamp :  cyanogen  gas  is  given  off;  ignite  the  gas  as  it 
issues  from  the  small  tube :  it  bums  with  a  beautiful  violet  flame. 


Section  VL 

composition  of  vegetable  substances.  compound  or- 
ganic substances  in  plants.  fermentation.  dias- 
tase, germination  of  plants.  structure  and 
functions  of  plants.     food  of  plants. 

composition  of  vegetable  substances. 


65.  When  a  piece  of  straw,  or  any  dried  vegetable  sub- 
stance, is  held  in  the  flame  of  a  candle,  the  greater  portion  is 
consumed  in  the  form  of  gases,  and  only  a  very  small  portion, 
called  the  ash,  is  left  behind.  That  portion  which  burns  away 
is  called  the  organic  part  of  the  plant,  and  that  which  remains, 
the  ash,  is  called  the  inorganic  part.  The  organic  part  of  plants 
consists  of  four  elementary  substances,  viz.,  carbon,  oxygen,  hy- 
drogen,  and  a  small  quantity  of  nitrogen.  The  inorganic  part 
consists  of  the  following  earthy  substances,  viz.,  potassa,  soda, 
lime,  silica,  magnesia,  alumina,  oxide  of  iron,  oxide  of  man- 
ganese, sulphuric  acid,  phosphoric  acid,  and  chlorine.  Al- 
though the  ash  forms  a  very  small  part  of  plants,  yet  it  seems 
to  be  as  essential  to  their  growth  and  existence  as  any  of  the 
elements  composing  the  organic  part.  The  proportion  in 
which  these  substances  are  found  varies  in  different  planU, 
and  even  in  different  parts  of  the  same  plant.  The  following 
tables,  by  Boussingault  and  Johnston,  give  the  composition 
of  the  organic  as  well  as  of  the  inorganic  parts  of  some  of 
our  most  valuable  plants. 
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When  all  moisture  has  been  evaporated,  100  lbs.  of  each 
vegetable  substance  is  composed  as  follows  :  — 


Wltftit I     46-1 

Ohu 

I'taii 

Pouttoe*, 

M'hu.a  Straw,. 
Oat  btraw,. 


I'ua  Straw, i     46*8 


Carbon. 

Oxjgen. 

HjdrogvD 

Nitrogen. 

ABh. 

4<yi 

43-4 

6-8 

2-3 

2-4 

100 

fiO-7 

36-7 

6-4 

2-2 

4-0 

100 

;     40-5 

40K) 

©■2 

4-2 

31 

lUO 

44-0 

44-7 

6-8 

1-6 

4*0 

100 

48-4 

38-9 

6*3 

0-4 

7-0 

100 

601 

3U-0 

6-4 

0-4 

51 

HiO 

46-8 

36-6 

6-0 

2-3 

11-3 

100 

In  100  lbs.  of  ash  we  have  the  following  composition  :  — 


1 

1 
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Oat 
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2o-5 

8 

8 
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0 

34 

4 
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30 
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12 
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8 
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1 
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0 
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16 
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(•xitio  of  Iron 

SiJit-a, 

^'ulnliiiric  Acid. .•• 

'     l'b<itiiiliuric  Add 

CLloriue, 

100 

,  100 

1 

lUO 

100 

luo 

66.  Hence  it  appears  that  different  kinds  of  plants  must  ex- 
hnu:<t  the  soil  of  different  proportions  of  inorganic  matter ;  thus, 
for  example,  100  lbs.  of  the  ash  of  wheat  carry  off  19  lbs.  of  po- 
tas.»»a  and  34  lbs.  of  silicji,  while  that  of  barh^y  only  12  lbs.  of 
potassa  and  as  much  as  50  lbs.  of  silica.  Thus  it  is  that  some 
land  will  suit  one  kind  of  vegetables  and  not  another  kind ; 
and  hence  it  is  that  two  successive  crops  of  (iljferent  kinds  of 
plants  may  grow  on  land,  when  two  successive  cn)|>ft  of  tlie 
snme  kind  would  exhaust  thf».  soil  of  some  of  its  most  essential 
constituents.  It  has,  however,  been  found,  that  when  any  one 
of  the  alkalies  is  absent  fmm  the  soil,  its  plac<*  may  Ih*,  to  a 
certain  extent,  suppliefl  by  another  alkali  witliout  injury  to 
the  vegetation:  thus,  when  a  soil  is  deficient  in  potassa  and 
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soda,  then  lime  (an  alkaline  earth)  will  in  some  measure  sup* 
ply  llieir  place  in  the  ash  of  the  plant. 

67.  As  plants  carry  off,  year  after  year,  certain  portions  of 
organic  as  well  as  inorganic  substances  from  the  land  in  which 
they  grow,  it  becomes  necessary,  in  most  soils,  that  these  sub- 
stances should  be  restored  to  the  land  in  the  form  of  manures. 

COMPOUND    ORGANIC    SUBSTANCES    IN   PLANTS. 

G8.  In  the  organic  part  of  plants,  the  four  elements  of 
which  it  is  composed  are  found  in  the  plant  in  the  form  of  dis- 
tinct  compounds  ;  the  most  abundant  of  these  are  lignine  or 
woody  fibre,  starch,  gum,  sugar,  gluten,  and  albumen.  The 
first  four  substances  are  composed  of  carbon  and  water  only, 
and  the  last  two  substances  contain  nitrogen,  in  addition  to 
carbon,  oxygen,  and  hydrogen. 

The  composition  of  the  first  four  substances  is  as  follows: — ' 

liigninc       -  C^s  Us   ^s  I-  ^'  carbon  and   8  cq.  water. 

Starch         -  C]^  Hio  ^^lo  12  cq.  carbon  and  10  e<i.  water. 

Gum  -  C^o  llu  ^11  1'^  cq.  carbon  and  11  ctj.  water. 

Grape  Siijjar  0,2  H,5  Ojj  12  ctj.  carbon  and  12  cq.  water. 

The  only  difference  in  tlie  composition  of  these  coui{)ounds 
is,  that  they  contain  different  proportions  of  the  elements  of 
water. 

Most  of  vegetable  compounds  are  characterized  by  the  fol- 
lowing circumstances:  1.  By  being  cpmposed  of  the  same 
elements ;  2.  By  the  facility  with  which  they  undergo  decom- 
])osition  ;  3.  By  the  facility  with  which  many  of  them  arc 
converted  into  each  other,  especially  when  a  substance  contain- 
ing nitrogen  is  present ;  4.  By  the  impracticability  gf  form- 
ing them  bv  th(^  direct  union  of  their  elements. 

These  distinct  compounds,  which  exi-^t  ready  formed  in  tlie 
vejietable,  are  called  projfmafe  principles ;  thus  sugar  and 
gum  are  proximate  vegetable  principles. 

Experiment.  —  Put  some  wheat  flour  in  a  fine  muslin  bag,  and  knead 
or  work  it  with  your  fingers,  while  a  small  stream  of  water  is  poured 
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upon  it ;  continue  the  process  until  the  water  ceases  to*  be  milky  :  the 
substance  remaining  in  the  ba^  is  a  gray  adhesive  matter  like  bird  lime, 
called  gluten ;  allow  the  milky  portion  which  has  been  washed  from 
the  bag  to  subside ;  decant  the  clear  liquid  :  the  white  deposition  is 
called  starch ;  take  the  clear  liquid  and  boil  it :  white  flakes  of  aibumeii 
arc  formed,  a  substance  very  similar  in  its  nature  to  the  white  of  on  egg. 
Gum  and  sugar  are  dissolved  in  the  water. 

Perform  the  same  process  with  grated  potato :  in  this  case,  fibrous 
matter  is  left  in  the  bag,  the  other  portions  being  the  same  as  in  the 
preceding  cxixiriment. 

69.  Ligiiine,  starch,  gum,  and  sugar,  being  so  similar  in 
com[)Osition,  may  readily  be  converted  into  each  other.  Thus, 
for  example,  starch  may  be  converted  into  gum  by  roastin«?  at 
a  temperature  al)ove  that  of  boiling  water ;  lignine  may  be 
converted  into  gum  by  the  action  of  strong  sulphuric  acid ; 
and  the  gum  thus  formed  may  be  converted  into  sugar  by  add- 
ing water,  and  boiling  the  mixture  for  some  hours ;  and  so  on 
to  other  cases  of*  transformation. 

EXPEUJMKXIS. 

1.  Dissolve  some  starch  in  iKiilincj  water :  a  thick  jelly  is  formed, 
which,  after  being  dried,  has  the  aipiarance  of  glue;  this  jelly  is  insol- 
uble in  cold  water,  and  Ls  rendL-red  bine  by  the  addition  of  a  solution  of 
iodine.  (See  Exp.  2,  Art.  21.)  To  the  thick  solution  of  starch  add  an 
infiislon  of  vegetatcfl  liarlcy  of  the  malting:  the  i^tarch  grows  more 
liquid,  and  in  a  short  time  its  coriMstCTice  entirely  di^iappcars ;  e\'aix)rate 
to  dryness,  and  a  yellow  jelly-like  mass  Is  obtainefl,  which  is  now  readily 
dissolved  by  cold  watcT,  wheroas  starch  is  insoluble  in  coM  water.  To  a 
solution  of  this  substance  add  a  sohition  of  iodine :  a  red  wine  color  is 
produced.  This  yellow  sul)stance  Ls  a  gum  called  dextrine ;  it  is  iLscd  in 
the  place  of  gum  arabic  for  stiffening  calico.  There  Is  evidently  some 
active  agent  in  the  vegotatinij  barley,  which  has  produced  these  changes 
in  the  starch  :  this  agent  has  been  callcfl  diaxtax*: 

2.  Boil  some  diluted  sulphuric  acid  (1  part  of  acid  to  12  parts 
of  water)  in  a  porcelain  dish ;  add  s^radually  some  starch  paste :  the 
starch  Ls  dissolved  ;  test  a  portion  of  the  solution  by  mojins  of  a  solutiim 
of  iodine:  a  red  wine  color  is  produced,  as  in  the  la.«5t  ex])eriment;  con- 
tinue the  boiling  for  a  short  time  loniicr.  and  the  iodine  \\\\\  vvtv^v  to 
produi-e  any  change  of  color.  Take  the  litiuid  in  the  <'v:i]v»|-atin:j  dish, 
and  add  to  it  powdered  chalk  until  the  acid  is  n(."itml*7od,  and  allow 
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the  sulphate  of  lime  to  subside :  the  clear  liquid  is  sweet,  and  crystab 
of  swjcur  may  be  obtained  by  evaporating  a  portion  of  the  water  by  a 
slow  heat.  In  this  process  no  gas  is  given  off,  and  the  acid  suffers  no 
change.  The  only  difference  in  the  composition  of  starch  and  sugar  is, 
that  the  latter  contains  more  of  the  dements  of  water  than  the  former. 

Berzcliu8  desig:nfites  this  peculiar  action  exerted  bj  the  sul- 
pliuric  acid  in  converting  starch  into  sugar  the  catalytic  force^ 
or  the  force  of*  catalysis. 

70.  Fermentation,  —  This  term  is  used  generally  to  express 
those  changes  that  are  spontaneously  effected  in  organic  sub- 
stances by  the  reaction  of  their  elements.  Thus,  when  a  so- 
lution of  grape  sygar,  to  which  ferment  or  common  yeast  has 
been  added,  i^  kept  for  some  time  at  a  moderate  heat,  the  mix- 
ture froths  up,  in  consequence  of  the  escape  of  carbonic  acid 
gas,  the  sweet  tJiste  of  the  solution  gnidually  disappears,  and 
when  the  fennentatioii  has  ceased,  spirit,  or  alcohol,  is  found 
in  the  water.  This  spirit  is  given  off  in  a  concentrated  form 
by  evaporation  at  a  temperature  below  that  of  boiling  water. 
Alcohol  (CJI^O^)  contains  less  oxygen  and  cxirbon  than  sugar; 
hence  the  escape  of  carbonic  acid  in  order  to  change  the  sugar 
into  alcohol.  Thus  sugar,  or  CVJIiiO,,;,  becomes  2C4ll60„  or 
2  eq.  alcohol  and  4CO2,  or  4  eq.  carbonic  acid.  Yeast,  as 
well  as  all  substances  which  have  the  property  of  iffducing  or 
exciting  fermentation,  contains  nitrogen,  in  addition  to  carbon, 
oxygen,  and  hydrogen. 

71.  When  a  mixture  of  diluted  spirit  and  yeast  is  ex[)osed 
to  the  air,  oxygen  is  absorbed,  and  acetic  acid  or  vinegar  is 
formed.  The  composition  of  dry  acetic  acid  is  C4n,()3 ;  tliat 
is,  it  may  be  represented  by  4  eq.  carbon  and  3  eq.  water. 
Hence  the  action  may  be  represented  as  follows:  — 

1  cq.  alcohol  -f-  4  eq.  oxygen  =  C4llj()j  -^  O4 

=  C^HsO,  4-  3H0, 
or  1  Ci\.  acetic  acid  -|-  3  cq.  water. 

In  both  of  these  cases  of  fermentation  the  yeast  merely  act^ 
as  a  stimulatin*;  ajjent. 

72.  Besides   the   proximate   vegetable   principles  already 
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enumerated,  there  are  several  vegetable  acids,  oils,  fatty  mat- 
ters, aiid  the  peculiar  substance  called  diastase,  which  pro- 
duces an  important  action  in  relation  to  the  growth  of  plants. 
Vegetable  acids.  —  The  most  common  vegetable  acids  are, 
acetic  acid  (vinegar),  malic  acid  (the  acid  of  apples),  oxalic 
acid  (from  common  sorrel),  tartaric  acid  (in  grapes),  citric 
acid  (the  acid  of  lemons). 

GERMINATION.      DIASTASE. 

73.  When  a  seed  is  planted  it  begins  to  sprout ;  that  is,  it 
shoots  a  sprout  upwards  into  the  air,  and  sends  a  root  down- 
wards into  the  soil.  At  this  stage  of  tlie  life  of  the  young 
plant  it  must  live  upon  the  starch  and  gluten  contained  in  the 
seed  alone.  In  order  to  render  these  substances  soluble  in 
water,  and  thereby  available  for  the  food  of  tlie  plant,  there  is 
formed  out  of  the  glutt^i,  at  the  base  of  the  germ,  tin*  i)ecnlijir 
substance  called  diastase.  This  substance  rcn<l<Ts  the  stareh 
soluble  in  tlx;  sap,  and  it  is  thus  eoiiveytd  to  tlti.'  >hoot  and 
root  of  the  young  plunt  The  starch  in  ihis  state  of  solution 
becomes  sujrar.  As  the  plant  advance^  in  its  growth  it  begins 
to  have  leaves,  and  at  this  stage  the  sugar  is  changed  into 
woody  fibre,  which  forms  the  stem.  By  the  time  the  starch 
and  gluten  are  exhausted  from  the  seed,  the  plant  hit-^accpiired 
all  the  functions  necessary  for  taking  up  food  from  the  air  and 
the  soil.  A  similar  process  takes  place  in  the  formation  of 
malt,  where  the  germination  of  the  barley  is  stopi)ed  when 
the  sugar  is  formed. 

STRUCTURE  AND  FUNCTIONS  OP  PLANTS.   FOOD  OP  PLANTS. 

74.  A  complete  plant  has  three  parts  which  are  essential  to 
its  growth :  a  root,  which  throws  out  fibres  into  the  soil ;  a 
trunk  or  stem,  which  rises  into  the  air;  and  leaves,  which 
present  an  extended  surface  to  the  action  of  the  air.  Each 
of  these  three  parts  performs  peculiar  functions  or  offices  in 
tlie  growth  of  the  plant. 

1.  The  trtwh  or  stem,  consists  of  three  parts :  in  the  centre 
43 
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is  the  pith,  next  the  pith  is  the  woodj  and  the  hark  eDdoses 
the  whole. 

The  pith  consists  of  very  small  horizontal  tubes ;  the  wood 
and  inner  bark  are  made  up  of  longitudinal  tubes  connected 
together  for  conveying  the  sap  between  the  roots  and  leaves ; 
the  vessels  in  the  wood  convey  the  sap  from  the  roots  to  the 
leaves,  and  the  vessels  in  the  inner  bai'k  convey  the  sap  from 
tiie  leaves  to  the  roots  ;  thus  in  a  growing  plant  there  ai*e  cur- 
rtMUs  of  sap  continually  ascending  and  descending.* 

2.  The  root  on  leaving  the  stem  has  the  same  structure  as 
the  trunk ;  but  the  finely-extended  tendrils  consist  of  one 
white,  uniform,  spongy  mass,  for  the  purpose  of  absorbing 
liquid  food  from  the  soil. 

3.  The  leaf  consists  of  fibres,  which  are  continuations  of 
the  wood,  together  with  the  green  portion,  which  is  a  continu- 
ation of  the  bark.  The  under  part  of  the  leaf  is  full  of  pores, 
which  communicate  with  the  hollow  tubes  of  the  inner  bark. 
It  has  already  been  explained  (Exp.  6,  Art.  15,  and  Art.  18) 
that  in  the  daytime  the  leaves  are  continually  absorbing  car- 
bonic acid  gas  from  the  air,  and  throwing  off  oxygen  ;  thus 
carbonic  acid  is  decomposed  by  the  plant  —  the  carbon  is 
retained  as  food,  while  the  oxygen  is  rejected.  The  reverse 
of  this  process  is  going  on  at  night,  but  so  slowly  as  scarcely 
to  int(!rlero  with  the  general  effect.  Carbonic  acid  also  enters 
the  |)lant  through  the  roots.  Some  suppose  that  carbon  enters 
the  plant  by  the  roots  in  the  form  of  idmic  acid,  a  substance 
composed  of  carbon  and  water  only. 

75.  The  elements  composing  the  organic  part  of  plants  are 
always  absorbed  in  a  sUite  of  combination,  and  the  substiuices 
forming  the  inorganic  part  must  be  in  a  state  of  solution,  in 
order  to  be  sucked  in  by  the  roots.  The  food  of  plants  must 
contain  the  various  elements  which  enter  into  their  composi- 
tion.    In  general,  the  substances  which  afford  this  fcxxl  are 

*  Tho  ascent  of  the  sap  probably,  in  some  nieasuro,  depends  on  the  prin- 
ciple of  nidosmose  and  exoimose,  (See  Art.  39,  p.  89,  of  the  Trcatinc  on  Hy- 
drostaticB.) 
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carbonic  acid,  water,  and  ammonia,  derived  from  the  air  as 
well  as  the  soil ;  and  certain  saline  and  earthy  substances,  de- 
rived exclusively  from  the  soil.  Light  and  heat  (and  proba- 
bly electricity)  stimulate  the  functions  of  plants,  and  are  abso- 
lutely necessary  to  their  growth  and  full  development  Light 
is  also  essential  to  the  formation  of  the  coloring  matter  in 
plants. 

It  will  now  be  easy  to  see  how  the  plant  should  form  woody 
fibre,  starch,  sugar,  gum,  or  vinegar,  all  of  which  substances 
consist  of  carbon  and  water  only,  united  in  different  propor- 
tions. Ammonia  and  nitric  acid  supply  the  plant  with  nitro- 
gen. 

Section  VII. 

SOILS.  THEIR  COMPOSITION.  ORGANIC  AND  INORGANIC 
PARTS.  SALINE  AND  EARTHY  PARTS.  PHYSICAL  CHAR- 
ACTER OP  SOILS.  TO  SEPARATE  THE  SAND  FROM  THE 
CLAY.  TO  DETERMINE  THE  QUANTITY  OF  LIME,  OF  OR- 
GANIC MATTER,  AND  OF  SALINE  MATTER,  IN  A  SOIL. 
ORIGIN  OF  SOILS.  MECHANICAL  PROPERTIES  OF  SOILS. 
CHEMICAL   PROPERTIES    OF    SOILS. 

COMPOSITION   OF   SOILS. 

76.  Soils,  like  plants,  are  composed  of  organic  as  well  as 
Df  inorganic  matter. 

The  organic  part  of  soils  is  chiefly  dorivod  from  the  re- 
mains of  ve^retahle  and  animal  substances.  Peaty  soils  con- 
tain a  lar«re  proj»ortion  of  organic  matter,  while  pood  wheat 
lands  contain  only  al)out  one  twentieth  of  their  whole  weijrht. 
This  organic  matter  in  the  soil  has  been  called  hmnus^  which, 
by  the  action  of  alkaline  subr^tanccs,  is  resolved  into  uhnic  an<l 
humic  acids.  As  the  v(ij:etal)le  matter  undergoes  decay,  this 
organic  |)ortion  of  the  soil  also  gives  to  the  Luid  the  various 
inorganic  substances  found  in  its  ash. 

77.  The  inorganic  part  of  soils  consists  of  certain  saline 
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soluble  substances,  and    of   certain    earthy  iosoluble    sub- 
stances. 

1.  The  saline  soluble  substances  consist,  in  general,  of  com* 
mon  salt,  sulphates  of  soda  and  magnesia,  gypsum,  with  small 
portions  of  the  nitrates  of  potassa,  soda,  and  lime,  and  of  the 
chlorides  of  calcium,  magnesium,  and  potassium,  together  with 
ammoniacal  salts.  From  these  soluble  compounds  the  plant 
obtains  nearlj  all  the  saline  matter  contained  in  its  ash.  The 
rain  dissolves  these  saline  substances,  and  carries  them  into 
the  subsoil ;  but  in  dry,  warm  weather,  they  reascend  to  the 
surface,  and  are  thus  brought  in  contact  with  the  roots  of  the 
growing  plant.  Thus  fine  warm  weather  accelerates  the  ripen- 
ing of  corn  and  other  valuable  grain. 

2.  The  earthy  insoluble  substances  in  the  soils  neve^consti- 
tute  less  than  nine  tenths  of  ^heir  whole  weight.  The  prin* 
cipal  ingredients  of  this  earthy  matter  are  silica,  in  the  form 
of  sand,  alumina,  mix(;d  with  sand,  in  the  form  of  clai/,  and 
carbonate  of  lime.  Whore  the  soil  has  a  red  color,  the  oride 
of  iron  is  f^jc^nrrally  ])resent.  Minute  traces  of  phosphate  of 
lime  may  also  be  dctei-ted  in  most  good  soils. 

PHYSICAL    CHARACTER    OP   SOILS. 

78.  The  relative  proportions  of  sand,  clay,  and  lime  in  a 
soil  give  it  a  peculiar  physical  character.  When  a  soil  con- 
tains only  a  small  proportion  of  clay,  it  is  called  a  sandy  soil ; 
when  the  quantities  of  sand  and  clay  are  nearly  equal,  it  is 
o^ill(*(l  a  loamy  soil,  or  cloy  loam,  according  as  tire  quantity  of 
sand  is  "rreater  or  less  than  the  clay ;  when  the  clay  is  much 
in  (ixcess,  it  is  called  clay  loam,  or  strong  clay^  as  the  case  may 
be.  Good  arable  land  mrely  contains  more  than  one  third 
part  of  its  weight  of  clay. 

79.  To  separate  the  sand  from  the  clay  in  a  toil.  —  Take  about  half  an 
oiinrc  of  soil,  and  Ixrll  it  in  al)oiit  half  a  pint  of  wattT,  m  a  jiorcclain 
dish,  until  it  is  coinpletoly  diffused  through  the  water ;  after  t:hakin^, 
let  the  mixture  stand  for  a  minute,  to  allow  the  sand  to  settle  to  the 
bottom  of  the  vessel,*  while  the  clay  remains  suspended  in  the  fluid ; 
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pour  off  tlie  water  with  the  floating  clay  into  another  Teasel,  and  allow 
the  clay  now  to  settle.  The  sandy  portion  of  the  soil  will  be  found  in 
the  fiist  vcascl,  and  the  clayey  portion  at  the  bottom  of  the  second*  1*lie 
sand  and  clay  may  now  be  tlried  and  weighed  separately,  and  the  rcla- 
tiye  weights  will  give  the  proportion  in  which  they  subsist  in  the  soil. 

80.  If  a  soil  contains  more  than  one  twentieth  of  its  weight 
of  carbonate  of  liine,  it  is  called  marl ;  and  if  more  than  one 
fifth,  it  is  called  ccUcareous  soiL 

To  determine  the  quantity  of  lime  in  a  soil.  —  Take  100  grains  of  the 
BoiU  (which  has  been  prc\'i(>usly  heated  to  rcdncs-s  to  dc:>troy  the  vegeta- 
ble matter,)  and  diifubC  it  through  about  half  a  pint  of  distilled  water ; 
add  about  an  ounce  of  hv(ht>chl(mc  acid,  and  allow  the  mixture  to 
stand  for  a  few  hours,  obst'rving  to  stir  it  from  time  to  time.  Bubbles  of 
carbonic  acid  are  given  off.  After  the  airtion  has  ceased,  pour  off  the 
clear  liquid ;  dry  and  then  heat  the  residue  to  redness,  and  weigh  it : 
the  loss  is  nearly  the  weight  of  limo  and  carbonate  of  lime  in  the  soil. 

81.  To  determine  the  quantity  nf  organic  matter.  —  Dry  about  an 
ounce  of  the  soil  on  paper  in  an  ovimi,  ]it  a  heat  which  docs  not  char  the 
paper;  bum  about  200  prsiinx  of  this  chy  sjil  :  the  loss  in  nearly  thi' 
weight  of  the  organic  mattiT  contaiiuHl  in  it. 

82.  To  determiiw.  the  qunnfity  nf  xiilitw  matter.  —  Take  2  lbs.  of  dry 
soil,  and  boil  it  in  aUmt  a  qujut  of  distilltxl  water ;  after  alloT^dng  the 
solid  matter  to  subside,  |xiur  off  the  clear  Uquid,  and  evaporate  to  dry- 
ness at  a  moderate  heat;  weigh  the  residue,  and  it  \*ill  give  the  quan- 
tity of  soluble  saline  matter  in  the  soil.  In  a  gocnl  soil  thb<  sidine 
matter  may  weigli,  upni  an  average,  alxnit  20  grains. 

OKICIN    OF    SOILS 

83.  Soils  owe  their  origin  to  \\\v  div<intojrration  or  pTadual 
crumblinj]f  down  of  ro<*ks,  by  the  action  of  water,  frast,  air, 
and  various  chemical  agents.  Hence  soils,  in  general,  derive 
their  peculiar  character  from  the  geolo<ncal  strata  upon  which 
they  He,  or  from  the  nature  of  tlie  ro<*ks  in  the  adjacent  hills 
or  mountains. 

MECHANICAL    PROPERTIKS    OF   SOILS. 

84.  Sandy  and  marly  soils  are  heavy,  while  peaty  soils  are 
light  Strong  clays  and  peaty  soils  absorb  and  retain  moist- 
ure ;  hence  they  are  damp  and  cold ;  hence,  especially,  the 
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ntcessity  for  ilraining  sucli  soils.  Ritnilj  stn\%  neither  almirb 
nor  retuiD  mui;h  luoiJiture  i  liuncc  aucli  soiU  Wcuciie  scorcUed 
with  Uie  hunt  of  summor,  and  the  pltuita  growing  upoa  itiMn 
i  buniiHl  up.  Ill  rtuny  seuauus,  hoW(;ver,  nuaily  MtiU  fir- 
queuUy  sustain  a  luxuriant  vegetation,  wliile  iliu  jiUnu  upon 
a  ulayej  luni]  nlinort  pumb  from  the  t^i%ss  of  moi»tun!. 

iS^.  Hi^l  causes  cliiy  and  peat  to  toiitruul;  in  duing  Ki,lJie 
soil  compresaes  [lie  i-ouU  uf  tlic  pluiile,  and  priivents  llw  acoaM 
or  air,  and  Uins  the  growth  of  the  plant  is  reinrded. 

66.  The  absorlient  iiotvcr  of  clay  is  aHcful  in  a  soil,  for  dar- 
ing the  hot  and  dry  season  of  the  y^ar,  iu  the  cuol  period  of 
tlio  nighl,  tlie  clay  absoiba  tlio  dew  that  falls  upon  It,  aud  n>- 
tains  the  moislure  wiih  grual  tenaciry. 

87.  In  order  Iliul  plaiiU  may  L'otiie  to  perfection,  it  ia  ih 
aary  that  th(>  soil  on  which  they  grow  ahould  alimn  a  iMirlnia 
degree  of  warmth.  Diunp  landa  are  cold,  tor  llie  contlDiUil 
evaporation  of  the  moisture  carries  oif  tJic  lieut  of  tlic  snn  t 
hence  the  necepsity  of  drainage. 

iS.  These  observations  «liow  the  value  of  n  due  ndmixtun 
of  ciny  and  sand  in  order  to  fnnn  a  mixture  having  all 

■  mechanii-al  quidities  of  a  fertile  aoil,  where  the  earthy  cor 
(tenia  are  so  adjuHled  ihat  **  tlie  loose  and  porous  qualitiM  of 

I  the  one  are  correried  by  rh"  plastic  and  retentive  qualitiM  of 
tlie  other."  It  is  a  remarkable  fad,  that  a  mixture  of  alami* 
no,  £ilica,  and  ltin<!  absorbs  gaseous  matter  as  well  us  moiitttire, 
better  tlian  any  of  these  earths  tnken  by  iwelf. 


CB&MICAI. 


OF  SOILS. 


89.  Soila  not  only  sustain  a  plant  in  an  erect  position  and 
afford  it  fond,  but  iheyare  tlie  medium  in  which  various  cfaont- 
ical  actions  affi  gradually  and  consUintly  going  on,  in  tbn  prv{H 
aratiou  of  different  substancee  ea^ential  to  llie  growth  of 
plants.  Thus  lime  is  constantly  ili-enin posing  Tugotablo 
uidmal  matter  in  the  soil,  and  thereby  preparing  food  for  tin 
plant.  Thus  orguniu  substances  in  the  soil  aid  in  abror 
animunia  and  uurbonic  acid  from  the  nin     Thus  littlfr  ff 
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of  alkaline  silicates  are  gradually  reduced  to  powder,  and  in 
this  state  water  dissolves  the  alkaUne  nuiUer.  (See  Exp.  1, 
Art.  28.) 

90.  A  fertile  soil  should  not  only  contain  all  the  elements 
essential  to  the  growth  of  a  plant,  but  they  should  exist  in  a 
due  proportion.  A  deficiency  of  one  substance,  or  an  excess 
of  another,  may  equally  contribute  to  deteriorate  the  quality 
of  the  land.  Hence  the  utility  of  artificial  applications  to 
land,  whereby  the  farmer  is  enabled  to  supply  what  may  be 
^deficient,  or  in  some  degree  to  neutralize  the  influence  of  what 
may  be  in  excess.  The  following  analyses  of  three  different 
soils,  by  Dr.  Sprengel,  afford  a  striking  illustration  of  these 
remarks. 

1000  parts  of  each  soil  contained  as  follows  :  — 

No.  1.  No.  2.  No.  8. 

Fine  earthy  and  organic  matter,     -    937          839  599 

Silidous  sand,        -            -            -      45           160  '400 

Saline  soluble  matter,         -            -      18              1  1 

1000         1000  1000 

1000  parts  of  the  fine  earthy  and  organic  matter  contained,  — 

No.  1.      No.  2.     No.  3. 


Orj^anic  matter, 

4M 

- 

97 

50 

40 

SiUca,  - 

- 

- 

- 

648 

833 

778 

Alumina, 

- 

- 

- 

57 

51 

91' 

lime,   - 

- 

- 

- 

59 

18  * 

4 

Magnesia, 

- 

- 

- 

8-5 

8 

1 

Oxide  of  iron,  - 

- 

- 

61 

30 

81 

Oxide  of  manganese, 

- 

1 

3 

1 

Potaasa, 

m 

- 

2 

trace 

trace 

Soda,    - 

- 

- 

4 

— 

— 

Ammonia, 

m 

- 

trace 

— 

— 

Chlorine, 

- 

- 

2 

— 

— 

Sulphuric  1 

icid,- 

- 

2  . 

i 

— 

PhoRphoric 

acid, 

«■ 

4-5 

i| 

— 

Carbonic  acid,  - 

- 

- 

40 

41 

— 

Loss,    - 

m 

14 
1000 

1000 

1000 

512  NATURAL   AND   EXPERIMENTAL   PHILOSOPHY. 

No.  1  19  a  highly  fertile  soil,  which  had  grown  com  and 
pulse  crops  without  the  application  of  anj  manure.  Thia  soil 
seems  to  contain  all  the  eissential  constituents  of  plants.  No. 
2  is  a  fertile  soil  which  required  to  be  manured  with  gypsum. 
The  analysis  indicates  a  deficiency  of  soluble  saline  matter, 
with  only  traces  of  potassa,  soda,  and  sulphuric  and  other 
acids.  No.  3  is  a  barren  soil ;  it  is  deficient  in  organic  mat- 
ter ;  potassa,  soda,  &c.,  are  almost  wanting ;  lime,  oxide  of 
iron,  and  silica  seem  to  be  largely  in  excess.  In  order  to  ren- 
der this  soil  productive,  it  would  require,  not  only  to  have* 
added  those  substances  which  are  absent,  but  some  other  sub- 
stances which  would  tend  to  neutralize  the  matters  in  excess. 


Section  Vm. 

IMPROVEMENT  OF  SOILS.  MECHANICAL  OPERATIONS: 
DRAINING,  PLOUGHING,  ETC.  MANURING:  VEGETABLE, 
ANIMAL,  AND  MINERAL  MANURES.  SPECIAL  MANURES. 
ROTATION    OP   CROPS.      FALLOWING.      IRRIGATION. 

IMPROVEMENT    OF    SOILS. 

91.  Land  may  be  improved  by  working  it,  tliat  is,  by  me- 
cliunical  operations,  such  as  draining,  ploughing,  &c. ;  or  by 
improving  the  quality  of  the  soil  by  the  application  of  ma- 
nures. 

MECHANICAL    MEANS    OF   IMPROVING    LAND. 

92.  Draining,  —  It  has  already  been  shown  (Art,  87)  that 
damp  hinds  are  cold  and  unpn)ductive.  The  first  considera- 
tion, therefore,  with  the  farmer  in  reference  to  such  soils  is  to 
have  all  redundant  moisture  carri<Hl  off  by  means  of  drains. 
The  advantages  of  drainage  are  further  shown  by  the  follow- 
ing eireumstane<»s.  When  tliere  is  too  much  water  in  a  soil, 
the  food  of  the  plant  is  either  washed  down  to  the  subsoil,  or 
it  enters  the  roots  in  a  very  diluted  state.  When  a  soil  has 
been  dniined  and  ploughed,  it  is  no  longer  close  and  adhesive, 
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SIS 


t,  and  tli«  mots  to 

Vcr.H  more  liculili* 

r  goes  ou  iu  Aiy  ao\la 


t  pennils  the  lur  to  pfni!triile  Uimugh  i 
Wild  ilit-Tiut^lves  in  uU  dirtiL-iiotis.  Uofm 
1  dc<^n)(ioBitioD  of  llie  organic  n 
3  in  dninp  ones. 
jrTtivrc  ore  few  soiU  which  may  not  be  bene&ird  by  drain- 
II  is  eftpeciiiUy  bencticinl  to  iliuii[)  clay  and  pealy  GoiU. 
in  tlie  soil  h  a  clay  with  satid  or  gravel  fur  llie  subsoil,  it 
e  BulSdeot  if  the  Biirface  i»  dmitied  ;  but  wli«a  the  iuil 
uidy,  with  clay  for  the  subsoil,  tbe  drain  should  go  Uourn 
i  subiMjil  ;  otberwist-  the  land  will  Ik  damp  and  cold. 
Wo  pre%'eflt  the  soil  bving  washed  away,  the  liUl  of  ilniins 
bliuuld  bt!  guiitle.  Land  should  always  be  drained  aotae  tima 
hi'lure  jilougliin^  Druin  fiijies  made  of  pnroua  burnt  clay, 
fitting  inin  each  other,  are  tiuw  generally  ado[)ti;d  for  agricuU 

J  [lurpadiij. 

>  98.  PUtaghing  in  general,  cspeL-ially  i^umliined  with  drain* 
i,  aJlowa  water,  air,  and  other  gases  to  come  in  contact  with 
e  rool«  of  tliH  phknia,  desU-oy«  unheallhful  acidity  in  the  soil, 
d  promotes  the  decomposition  of  vegetable  matter. 
'  94.  Sithtoil  and  derp  ploughing  especially  bring  new  aun- 
ire,  such  as  lime,  lo  the  surface,  Agriculturists  con- 
t  that  ibe  eubsoil  plough  should  not  be  used  until  afi4>r  the 
«  been  drained  for  one  year.  The  reason  of  this  mast 
k'Obviou4  i  damp  soila  ore  merely  cut  by  the  plough,  whereas 
J  mWi  Bre  broken  to  powder  when  a  heavy  plough  pasMs 
sugh  tbcni. 

]U!(i:iU»0    AS   A   MEAJta   OP   tMPROVlXO   8011.8. 

95.  Manures  are  iliviilcd  into  three  classes,  vie.,  vegetsblQ 
mures,  animal  manures,  and  mineral  manures. 


VEGETABLE    UANttRCS. 

iii.  Tliese  manures  ^rve  tu  open  the  pores  of  the  land,  and 
p  Mippty  oi^nic  as  well  as  inorganic  food  to  plants.     Veg«- 
i  matter  may  b«  used  as  a  manure  i;ithcr  in  the  jrrcen 
D  or  in  tbo  dry  stale 
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».  —  When  gt*cn  vt^tuble  eubsumres  arc  pui 
inlu  the  foU.  lliev  uud-crgu  a  va\nd  Joaiy,  j-ieldiitj;  n  njienly 
supply  uf  rood  to  tlic  growing  plant ;  ou  itie  couinu-jr,  dry  ni 
iiurcii  decay  niaro  clow]y,  l>ui  act  mom  pcnDanunily  iipon  Uiw 
land.  The  clenninga  o(  ditches,  hedge  side»,  ike,  (iimtp  luid 
potiUo  tops,  mixed  nilli  earth,  sad  formed  ialo  a  eompott  heap 
cuDKtiluie  un  enriching  uppliiuition  to  the  soil.  In  aumc  pan 
of  this  country  turnip  seed  is  sown  at  the  close  of  Inurvejl 
Olid  at  the  eiii]  of  two  months  the  green  crop  is  ploughed  inU 
tile  land.     Hea  wcvds  form  a  vttlunble  green  manure. 

37.  Drg  maaures.  —  Dry  ^Oftetiihlu  sulMtani-cs,  tach  pi 
Btntw,  sawdust,  Ste,  decay  very  HJowly  i  It  is  dl^°ir<lbl«.  ihiin 
fore,  befurc  applying  kucIi  sulietAiices  to  the  land,  that  ihiq 
should  be  mixpii  with  some  matter  which  tends  to -promoii 
r<:rniL-ntalion.  Sawilu:;l  mixed  nilh  soil  tind  aimmnn  w«r«dil 
laid  up  in  n  corapn^t  heap.  Hiid  from  time  to  time  wntfnHl 
the  liquid  manure  of  the  farm-yai^.  is  t-onvcrted  into  a  TklH 
rible  vpgptttble  mould.  If  the  ferra-'i nation  be  doi 
beyond  a  ceriaiu  |Ki!nl.  this  compo«l  cxcrci^'eti  a  gradual  ai 
prolonged  ai-tion  on  tho  growing  plants;  on  the  (xintmry,  if 
be  Iwd  on  the  land  when  in  n  comjilcte  stale  of  fermeniatia 
the  action  is  Immediate ;  hence  the  application  of  ilie 
kind  nf  nmnurea  to  turnips  and  other  crops  which  require 
be  lirou^^ht  into  a  condition  of  rapid  growili.  CbarriKd  y» 
dtr,  mnU  dust,  hrnn,  rape  dutt,  toot,  lanner'i  bark,  &,c^  nns  Uw 
most  coturaon  dry 


ANIMAL   MANCtltES. 

98.  Animal  manures  are  the  mon  ennrgctic  in  tbetr  actio 
in  con*oquenec  of  the  nitrogen  they  rmiiain,  whi^^Ii  rxuU  i 
thrm  in  tim  form  of  ummoniacul  EalD  :  these  salts  are  amon^ 
the  itiDst  poweri\il  agt-nls  in  promoting  vegetation.  The  vahi 
(if  guano  a«  an  npplicniion  to  the  soil  depends  chii^y  on  ll 
qiianiity  of  Hmmonin  which  it  contains.  According 
Ihi:  Hir  imraedintidy  in  I'ontni^l.  with  the  eotl  contain*  niitnU  | 
tiumt  of  aiumonia,  whidi  in  being  cojitinually  aboorbed  by 
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soli.  The  soluble  portion  of  manures  is  most  valuable,  in 
eoiiiiequence  of  the  volatile  substances  which  it  contains ;  and 
hence  the  intelligence  and  industry  of  a  farmer  are  shown  by 
the  care  he  takes  of  his  bam  yard.  In  warm  weather  the 
rnized  manure  heap,  or  compost  heap,  should  be  watered,  and 
a  free  current  of  air  allowed  to  pass  over  it,  in  order  to  check, 
in  some  degree,  the  process  of  fermentation,  which  causes  the 
carbonate  of  ammonia  to  escape  into  the  air.  In  order  still 
further  to  secure  t!ie  volatile  matters,  the  heap  should  be  cov- 
ered over  with  a  layer  of  soil,  or,  in  other  cases,  with  the  sul- 
phate of  lime  ;  these  earths  absorb  and  fix  the  vapors,  and  tive 
thus  converted  into  valuable  applications  to  land.  Quicklime 
should  never  be  put  'into  the  compost  heap,  for  it  decomposes 
the  salts  of  anuuonia,  and  thus  the  most  valuable  portion  of 
the  manure  would  be  dissipated  into  the  atmosphere.  As 
there  is  always  a  loss  during  fermentation,  the  judgment  of 
the  farmer  must  be  exercised  as  to  the  proper  time  for  laying 
the  fermenting  manure  upon  his  land  :  this  time  must,  in  some 
degree,  depend  upon  the  nature  of  the  soil  and  the  crops  to 
be  reared.  To  cold  soils,  for  example,  fully  fermented  manure 
is  most  valuable,  as  it  tends  to  warm  the  soil,  and  to  stimulate 
the  growth  of  the  plant. 

99.  Boussingault  gives  the  following  analysis  of  an  average 
farm  yard  manure :  — 

In  100  parts  of  the  manure  we  have 

Carbon,            -            -            -            -            .  7.41 

Oxygen,          -            -            .            -            .  5.34 

Hydrogen,      ....            -  0-87 

Nitrogen,        -            -            -            -            -  0*41 

Salts  and  earthy  substances,    ...  6*67 

Water,            -            -            -            -            .  79*30 


100*00 


MINERAL   MANURES. 


100.  Li me^  shell  sand^  and  marl.  —  Lime  is  the  most  impor- 
tant of  all  the  mineral  applications  to  land.  It  serves  a  me- 
chanical purpose  by  giving  a  proper  consistency  to  soils,  and 


rSfft       NATDRAI.  AMD  KXPEKOtSKTU.  1 


tbOBonl^. 


It  act4  chcmicany  by  decomposing  vnrkiii?  orgnnic  cutetaneM, 
tliu  siune  lime  alisortiing  nnd  fixing  iliilir  gnsMius  prodiieu, 
nixl  rt-nilerrng  vt^gutnhli!  us  well  as  miut-iid  nubsUuiccs  sidtilile 
wliicli  were  Dot  so  berore.*  Mr.  MoHitt,  in  an  alilc  paper, 
(|iuUi>!lied  in  the.  "  Juuniul  of  lliu  Xoiibumbtirlaiid  AgncultB' 
'  ral  Kocii^ty"  for  the  year'lH49,)  adduces  the  following  expof^ 
imtrnt  to  illuatnite  the  moil<?  in  whicli  lime  tiots  on  the  smlt- 


"Take  M>me  i 
B  CI  tract  bU  il 

fiUh  port  of  i-flurtic  liiuB,  OJ 


iwdust,  or  anj  Qlmiu  nuIUT.  «ni 
x>lu\flc  matter  ;  wsbIi  it  wdl  wtih  voU 
C  nnly  in  a  moist  Htate  ;  then  wld  fc 
1  cloEe  the  miiCurc  up  in  a  iMlU 


v  thTM  monlha.  After  thu  period  yttu  will  Snd  the 
■wumeil  B  brawitiiJi  colur,  cffervisFimt  whcu  lincgar  is  poui«il  iqKO  It, 
which  indicetca  tho  prui^eiiL'C  of  du-bnmc  acid ;  and  when  water  il  ■gall 
tuUcd  with  the  iniu«.  it  will  gnio  a  fawn  rolor,  aiul  by  CTapoistiOD  tra* 
a  hwn-colorcd  powdec,  ronebitiiig  of  Ume  [Toftbined  with  tpgeudilo  Cx 
mcL  The  BBwduBi,  prerioui  to  the  si^tirm  of  the  lime,  wa«  |icrtM]] 
imolulile  in  water ;  it  is  now  convened  into  a  bn)wiii>h  powder,  whW 
diiKilves  in  large  quantity  in  water.  Now,  thic  i«  piKiBcly  an 
o(  the  ctuuigc  piodiiued  by  the  aclitin  of  lime  in  a  oauitic  atalr  npon 
in«4uble  Gbroua  muttcn  uf  the  atril."  Mr.  Miiffat  further 
"  Caustic  lime  decotnposce  all  the  talU  and  combinitiooB  uf 
combining  with  tbeir  airids  by  rraxm  of  its  stronger  alkalin* 
and  dimpaling  the  nmiuoiiiB  into  the  atnionphere ;  benoe  lima 
ncrer  be  applied  with  guooo.  nor  tana  yard  nuumrc,  ae  a  grot 
of  the  nutritive  quatiCy  of  these  nuuiures  nsidea  in  the  aalta  of  W 

When  vegetable  mailer  aboiinils  in  a  «ai 
jMirliun  of  liinu  may  be  iisud  to  jiromoti!  tbe  deoampwilian, 
Slitf  clay  lands,  after  draining,  should  be  well  limed ;  «n  ibi 
conlmry,  tight  lands,  nhere  there  is  noithor  much  iDoiaiun 
nor  vt^gel able  matter,  do  not  retiuiresuehaqaaniity.  8lrikifi| 
elTi'cta  are  proiluced  by  a  due  application  uf  lime  to  pMlun 
nnd  arable  lands. 

■  tiimlubU  nnnpoonds  of  illtea  uid  poioua  raUt  In  muiy  ol  aur  nkIe*  : 
nnw,  tihm  Ihoe  (nithi  arc  wuihed  atid  mii»J  with  lime  «nd  w* 
lirro  ftiiind  that,  after  a  certain  time,  tbe  nOk-a  andpdljtua  arc 
imn  a  «tiiUu  funn.    «u  duubt  these  chaiigM  lah*  placc^  b>  ■  Und(*<l  nl 
I    LnlbeK^. 
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The  effects  of  lime  gradually  disappear,  and  after  a  few 
years  the  land  returns  to  its  original  state,  unless  fresh  lime  be 
added. 

Lime  is  removed  from  the  soil,  —  first,  by  sinking  through 
tlie  loose  soil ;  secondly,  by  rains  which  wash  it  away ;  and 
thirdly,  by  the  crops  carrying  off  certain  portions  of  lime  in 
the  form  of  the  carbonate. 

Marl  and  shell  sand^  besides  other  fertilizing  matters,  con- 
tain a  large  quantity  of  carbonate  of  lime ;  their  action  upon 
lan<l  is  similar  to  that  of  mild  lime.  Sulphuret  of  iron  (iron 
pyrites)  is  found  in  some  soils.  This  insoluble  substance  has 
no  chemical  action  ;  but  when  it  has  been  for  a  length  of  time ' 
ex]>osed  to  the  action  of  the  air,  it  absorbs  oxygen,  and  is  con- 
verted into  sulphate  of  iron,  (green  vitriol,)  which  is  highly 
soluble,  and  injurious  to  plants.  Now,  the  addition  of  carbo- 
nate of  lime  decomposes  this  salt,  forming  sulphate  of  lime  and 
the  inert  oxide  of  iron,  with  the  escape  of  carbonic  acid  gas. 

Sulphate  of  lime  may  be  used  with  advantage  for  all  kinds 
of  crops ;  but  it  is  especially  applicable  to  clover,  pea,  and  bean 
crops.     The  sulphates  generally  supply  sulphur  to  plants. 

Sulphate  of  magnesiaj  as  a  top  dressing,  has  been  applied 
with  great  benefit  to  young  wheat. 

Sulphate  of  $oda  (Glauber  salts)  has  been  beneficially  used 
for  turnip  crops ;  and,  mixed  with  nitrate  of  soda,  it  has  given 
abundant  crops  of  potatoes. 

Chloride  of  sodium  (common  salt)  has  generally  a  fertiliz- 
ing influence  on  high  or  sheltered  lands  situated  at  a  distance 
from  the  sea. 

Kelp  (the  ash  of  sea  weeds)  and  wood  ash  are  well  known 
to  have  a  beneficial  action  on  all  kinds  of  soils. 

Chloride  of  potassium  (the  residue  of  the  nitre  refiners)  is 
sometimes  used  as  a  dressing  for  grass  land. 

Nitrates  of  potassa  and  soda.  —  These  have  been  found 
especially  beneficial  to  young  plants.  Tlie  nitric  acid  which 
they  contain  supplies  nitrogen  to  the  vegetable,  and  the  po- 
tassa and  soda  are  equally  fertilizing ;  applied  at  tlie  rate  of 
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about  1  cwL  per  acre,  tbey  promoto  Lhe  growili  ur  j'ouug 
and  gnus. 

Gat  /lyunr  contains  a  largfi  quuntitf  of  nmrnaQU;  h  tJ 
fore  funitB,  whuii  dilulod  witli  five  or  six  tiium  its  «n)i)^t  of 
waU-T,  a  auimrror  manure  for  grass  lunds  ur  nro|i9  (wocnjlf- 
8u)ptiuric  acii],  or  gypsum,  it  eoinetimus  added,  to  fix  the  (uu- 
monia  in  the  gas  liquor. 

101.  Speeial  maiinreg.  —  Ah  |i1aiju  diffur  in  tUeir  cioipoeiitiim, 
eu  ditl'crenl  placid  evince  a  predilecLion  for  diflbrunt  tuadti  uf 
Ibcid.  Ammonia,  nitrate  of  aodu,  und  lime  proiniitti  tha 
growth  uf  all  planls.     Lime,  especially  in  well-dmmi^  «aib, 

*  Mndis  to  bring  the  fruit  or  ueeJa  of  plunU  lo  perfuoiiun,  and 
Uius  to  bring  in  an  early   harvest,     tiypeum  promoC<is 
growth  of  red  clover,  and  pliosplitUti  uf  nutgnc^ia  baaaaiu 
effect  upon  potatoes  :  and  eo  ou  lu  other  cumm. 

The  Bpeiifii;  action  of  parliuular  m>u)ui-<M  on  the  grmnli  nf 
c^nain  plantji  in  a  remarkabli'  and  iuturufting  I'acU  Even  iM^ 
tain  manures  promote  thu  duvelopmeiiL  of  {lari.iuular  part*  of 
the  plani ;  thus,  for  «iamplr,  manganuae  added  lo  tiin  tul 
inifiruvus  thi;  floweri  of  the  rami  huak. 

102.  Mixed  viline  maiiarea.  —  Atnixttireof  lime  and  com- 
mon salt  is  rccommonded  as  an  eiccllcm  moiturt-.  A  nuxUm 
of  sulphate  and  oiiriit«  ul'  todn,  as  a  top  dreading,  has  been 
found  to  produce  reuurkiiblc  eflceii;  ou  ihcgmtrth  of  pouioe»  i 
aud  so  ua  (u  uth<;r  casea.  It  appears  iliat  (he  applicution  of 
■nixed  saline  sut>Mlances  u  calculated  to  produce  murti  luiniifl* 
ciiil  rufulis  than  when  tlicao  subiilJumeB  aru  asod  hIoiilo.  Utttm 
it  is  thai  guano  (which  contains  sercral  saline  suhslMicnJ  ii 
found  lo  act  no  bcaeficially  on  almosX  every  luud  of  cn^h 


OROI-9. 

103.  The  compoBit40D  of  soils  should  liave  a  relation  U>  the 

kind  of  plants  which  Ihny  arc   intcniitMl  lo  grow.     Whan  m 

partic;u]nr  species  of  plant  has  been  gruwii  for  a  length  of 

time  on  a  foil,  that  soil  beeomes  exhaumlod  of  the  loorguita 

'  tnatior  adapted  to  iho  growth  of  that  pariiailKr  plant.    A'oW, 
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different  plants  extract  from  soils  different  proportions  of  the 
inorganic  matter  contained  in  them.  Hence  a  succession  of 
crops  of  different  vegetables  may  be  raised  upon  the  same 
soil,  when  two  succes<4ive  crops  of  the  same  vegetable  could 
scarcely  be  reared.  Thus  barley  grows  well  after  a  crop  of 
turnips,  oats  after  a  crop  of  grass,  wheat  after  crops  of  beans 
and  potatoes.  The  following  is  a  specimen  of  a  six  years' 
rotation  of  crops :  — 

1.  Wheat;  2.  Turnips;  3.  Barley;  4.  Seeds;  5.  Oats; 
61  Potatoes. 

The  following  general  rule  should  be  observed  in  the  choice 
of  the  rotation  of  crops,  viz.,  plants  which  require  chiefly  Uie 
same  kind  of  food  should  not  be  grovon  in  succession;  thus 
plants  which  are  grown  for  their  roots  grow  best  after  those 
which  are  grown  for  their  seeds. 

Clover  adds  fertility  to  the  soil ;  and  hence  an  abundant 
crop  of  com  may  be  obtained  after  a  crop  of  clover.  In  this 
way  the  use  of  clover  has,  to  a  great  extent,  superseded  the 
system  of  fallowing. 

104.  Fallow,  —  When  land  has  been  exhausted  by  a  succes- 
sion of  crops,  its  exhausted  resources  are  resuscitated  by  ma- 
nuring, and  allowing  it  to  lie  dormant,  exposing  it  at  the  same 
time  (by  oloup^hing,  &cc.)  to  the  action  of  the  air  and  moisture. 

105.  Irrigation,  —  When  water  is  allowed  to  remain  on 
land,  it  is  injurious  to  vegetation ;  but  the  occasional  flow  of 
water  over  the  surface  of  lands,  as  in  our  irrigated  meadows, 
carries  with  it  various  fertilizing  substances. 


QUESTIONS. 


Introduction. —  I.  Into  what  foar  classes  are  the  laws  of  nature 
divided  ?  What  do  the  laws  of  physics  govern  ?  By  what  terms  are 
the  four  great  physical  truths  expressed  ?  What  phenomena  do  solids 
exhibit  ?     What  do  iiauids  f     What  airs  f     What  imponderables  t 

Mechanics.  —  5.  What  is  mechanics'?  Statics?  Dynamics?  Hy- 
drostatics ?     Hydrodynamics^     Dadne  matter ;  mass  ;  densitif. 

7.  What  is  motion  ?  When  is  motion  uniform  ?  When  accelerated  ? 
When  retiirded  ?  What  is  velocity  ?  What  is  momentum  ?  What  is 
force  ?  Dilfcrent  kinds  of  force  ?  What  is  meant  by  ponderable  and 
imponderable  bodies  ?     How  are  forces  known  to  us  ? 

18.  How  arc  the  properties  of  matter  divided  ?  Which  are  primary 
properties  ?  Which  are  the  secondary  properties  ?  Define  extension  ; 
tin  penetrability.  What  are  compressibility  and  expansibility  ?  Wliat  is 
divisibility?     Cohesion?     Elasticity?     Mobility?     Inertia?     Gravity? 

24.  What  is  meant  by  the  attraction  of  gravitation  ?  ^VhJlt  is  the 
jirst  law  of  attraction  ?  The  second  law  ?  Summary  law  ^  On  what 
does  the  force  of  gravity  at  any  place  depend  ?  How  much  velocity  does 
a  falling  body  acquire  in  a  second  of  time  ?     State  the  law  of  increase. 

25.  What  is  the  centre  of  gravity  ?  What  is  meant  bv  the  line  of 
direction  f  How  docs  the  line  of  direction  govern  the  stability  of  a  Inniy  ? 
What  elfect  htus  the  elevation  of  the  centre  of  gravity  above  the  ba^c  i 

26.  What  is  the  Jirst  law  of  motion  ?  What  are  the  obstacle-^  to  mo- 
tion ?  Name  the  second  law  of  motion.  What  is  the  parullclo;rrain  of 
motion  ?  What  is  the  parallelogram  of  forces  ?  .  Give  the  thtrd  law  of 
motion.     By  what  is  the  intensity  of  the  action  of  any  force  estimated  ? 

27.  Give  the  law  of  descent  of  falling  bodies.  How  is  motion  affected 
in  a  body  projected  vertically  upwards  ?  28.  What  is  a  parabola  ? 
29.  Give  the  law  of  vibration  of  a  pendulum. 

30.  How  many  and  what  forces  ai-e  necessary  to  produce  motion  round 
a  centre  1     What  is  centrifugal  force  ?     By  what  is  it  counteracted  ? 

31.  On  what  does  the  amount  of  work  done  by  an  aijent  de|)end  ? 
What  is  the  unit  of  ivork,  as  adopted  in  this  country  ?  What  is  the  law 
of  labor  in  raising  a  body  in  opposition  to  gratity  ?  What  is  the  esti- 
mate of  a  horse  itower  i 

32.  What  is  the  ol)ject  of  machinery  ?  Of  what  is  work  the  proiluct  ? 
Name  some  of  the  active  agents  of  nature.  What  is  a  fundamental 
axiom  in  mechanics  ?  What  law  is  founded  on  the  principle  of  the 
equality  of  work  ?  To  what  is  the  advantage  gained  by  a  machine  equiv- 
alent ?     Uow  is  the  principle  of  virtual  velocities  commonly  expressed  ? 
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33.  Which  are  the  simple  mechanical  powers  ?  What  is  the  lever  ? 
How  many  kinds  i  Deticribe  each  kind.  35.  What  is  the  wheel  and 
axle  ?  36.  Describe  a  windlass.  37.  By  what  means  may  the  motion  of 
one  wheel  he  transmitted  to  others  i  39.  What  is  a  capsum  i  4U.  De- 
scrilx;  a  (fih  crane. 

41.  Wiiat  is  a  pulley  ?     Of  what  kinds  ?    Mention  some  of  their  uses. 

44.  What  is  an   inclined   plane  ?     Uow   is   its  advantage   estimated  '< 

45.  What  is  a  wedge  ]     its  uses.    46.  Descrilic  a  screw.    How  is  the 
screw  regarded  ?     47.  Chief  uses  of  the  screw  ? 

48.  By  what  means  may  motion  he  communicated  from  one  axis  to 
another  *?  What  is  a  train  of  wheels  ?  Whttt  is  the  purpose  of  crown, 
bevelled,  and  face  wheels  ?     Describe  the  rack  and  pinion. 

Stkam  Knoine.  —  Use  of  the  crank  and  connecting  rod  ?  Of  the  fly 
wlieei  i  3.  DescrilMi  the  sun  and  planet  wheel.  4.  What  is  the  use  of 
,Wat(s  parallel  moiiou  I  5.  What  is  un  eccentric  wheels  6.  The  gov- 
ernor ?  7.  Describe  the  steam  boiler.  The  safety  valve.  9.  Use  of  the 
steam  gauge  i  10.  Use  of  the  water  gauge  \  11.  The  water  regulator  ? 
Wiiai  arc  the  respective  peculiarities  of  ihe  high  and  low  pressure  eni^ine  i 

Hydrost.itics  and  Hydraulics.  —  I.  What  \s  hyji-oetatics  f  What 
is  Itifdianlivs  i  2.  How  do  fluids  differ  from  solids  ?  S.  Difference  bo- 
tween  liquids  and  ga.ses  ?  5.  What  is  tiie  Jirtt  law  or  property  of  fluid 
bo<lies  i     Illustrate  this.    The  stico;ic/ law?    Tha  third  f 

13.  Give  the  rule  for  finding  the  amount  of  pressure  upon  the  boitom 
of  a  vessel  containing  water  ?  14.  Upon  what  does  the  pressure  on  the 
bottom  of  a  vessel  depend  ? 

15.  Show  the  upward  pressure  of  water  by  an  experiment  18.  Men- 
tion some  fact  in  nature  illustrating  this. 

19.  Kule  for  finding  the  pressure  on  the  side  of  a  vessel  ?    Illastrate. 

21.  What  is  the  centre  of  pressure  in  a  vessel  of  water  ? 

22.  What  is  the  specific  gravity  of  a  body  ?  What  is  used  ag  the  stan- 
dard of  comparison  ? 

23.  What  determines  the  sinking  or  floating  of  a  body  ? 

24.  What  is  the  Jirst  of  the  laws  regulating  the  pressure  of  fluids  on 
solids  inunersed  in  them  ?     The  secona  law  ? 

27.  Dcscril^e  the  hydroj^tatic  balance.  Give  the  rule  for  determining 
the  sjK'cific  gravity  of  a  solid  body. 

28.  Rule  for  finding  the  specific  gravity  of  a  liquid  f 

33.  Chief  use.  of  the  hydrometer  ? 

34.  \V]\y  docs  an  iron  vessel  float  in  water  ? 

35.  What  is  requisite  in  order  that  a  body  may  float  with  stability? 
Illustrate  this. 

36.  Explain  what  is  meant  by  capillary  attraction. 

37.  What  is  the  law  of  attraction  in  capillary  tubes  1  What  is  the 
effect  of  oiling  the  tube  ? 

39.  Explain  the  meaning  of  endostnoae  and  exosmose, 
Jfydnitdics.  —  41.  State  the  law  of  the  efllux  of  water  through  an  aper- 
ture in  a  vessel.    42.  To  what  is  the  velocity  proportioned  ?    By  what 
is  this  rule  modified  in  practice  ?    What  diflference  in  effect  is  produ<*ed 
between  the  use  of  a  short  pipe  and  a  simple  aperture  ?     Explain  this. 

Pneumatics. —  1.  What  is  pneumatics?  2.  Height  of  the  atmos- 
phere f    Why  is  air  believed  to  be  material  ? 

3.  Its  resistance  to  motion  ? 

4.  Its  im|)enetrability  ? 

5.  Evidence  of  its  weight  * 

44  • 
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7.  To  what  is  the  atmospheric  pressure  equivalent  ?  8.  How  much 
pressure  on  a  square  inch  ?  How  hich  a  coiumn  of  mercury  will  the 
pressure  of  the  atmosphere  sustain  ?  Of  water  f  9.  Show  the  utility  of 
the  atmospheric  pressure  on  our  bodies.  10.  Explain  the  construction 
and  use  of  the  barometer.  1 1 .  Why  does  water  continue  to  flow  through 
a  siphon  wlien  put  in  operation  ? 

12.  Explain  the  cause  of  intermitting  springs. 

14.  By  what  is  the  elasticity  of  air  increased  ?  State  the  law  of  elafl- 
ticity  of  the  air. 

15.  What  relation  is  there  between  the  density  of  the  air  and  its  height 
above  the  level  of  the  sea  ? 

16.  How  are  bodies  affected  by  heat?  What  class  of  bodies  are  most 
susceptible  of  this  action  ?     What  is  the  cause  of  wind  ? 

19.  What  is  the  purpose  of  an  air  pumpf  Can  a  perfect  vacuum  be 
produced  by  an  air  pump  ?  Why  docs  water  boil  at  a  lower  temperature 
on  A  mountain  than  at  the  sea  level  i 

21.  Describe  the  construction  of  a  common  lifting  pump.  To  what  limi^ 
may  a  column  of  water  be  raised  by  tlie  ascending  piston  *? 

2*2.  Explain  the  action  of  a  common  forcing  pump. 

23.  Of  what  use  is  an  air  chamltr  in  a  forcing  pump  ? 

24.  Advantage  of  a  double-acting  pump  ?  25.  How  is  the  Are  engine 
constructed  ? 

30.  What  is  meant  by  the  diffusion  of  gases?  31.  Its  use  in  nature? 
32.  What  do  you  know  of  the  liquefaction  of  gases  ? 

Acouatics.  —  33.  IIow  is  sound  conveyed  to  the  ear  ?  When  is  sound 
heard  ?  Effect  of  quickly-repeated  impulses  ?  What  constitutes  a  tone  f 
What  effects  are  produced  when  a  sonorous  body  is  struck  ?  34.  W^hat 
property  is  essential  to  ii  sonorous  body  ?  On  what  does  the  pitch  of  its 
toiu;  depend  ?     What  constitutes  a  noise  f 

:\b.  What  t"*  necessary  to  the  transmission  of  ^'0und  ?  36.  On  what 
dov'-i  the  ^^roatcr  conduciing  power  of  the  air  depend  7  37.  Wlien  a  gun 
is  firod,  what  difference  of  velocity  is  noticed  between  the  fush  and  the 
soindf  At  what  mte  docs  sound  travel  i  38.  Is  thei-eany  beUer  medium 
than  iiirfor  transmitting  sound '^ 

:v.).  IIow  is  sonn<l  n^flected  ? 

40.  What  is  the  cnusi?  of  echoes  ? 

41.  IIow  niav  sound  be  magnified  ? 

44.  IIow  ai-e' winds  produced?  Explain  the  action  of /anrf  and  sea 
brrrzes. 

45.  What  are  the  three  general  classes  of  winds  ?  Explain  the  trade 
winds:  tha  man soous ,  the  '.'(iritihlcs ;  the  sirocco  and  simoom.  46.  Wliat 
velocity  con.stitutcs  a  (/eutic  breeze  f  Abriskgaief  A  high  windf  A 
hurricane  i     Law  of  increase  ? 

47.  Why  docs  a  balloon  ascend? 

Light. —  I.  Relation  of  light  to  the  eye?  2.  Sources  of  light? 
3.  What  are  non  luminous  bodies  ?  4.  Division  of  bodies  with  relation 
to  ii;:lit  ?     What  is  the  characteristic  of  each  i 

5.   Velocity  of  lit:ht  ? 

Direction  of  liglit  f 

C.   liaw  of  intcH'iity  of  li;;ht  '^ 

7.  Two  remarkable  laws  of  light '     Exem])lify  each. 

8.  Deserihe  the  two  theories  of  the  nature  of  light. 

9.  I.,aw  of  reHi'«"tioii  ? 

10.  Effect  on  light  in  passing  from  one  medium  to  another?  What 
is  meant  by  the  interference  of  light  ?     The  diffraction  f 
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1 1  State  the  three  kinds  of  mirrors.  By  what  law  are  mirrors  gov- 
erned ? 

1 2.  What  is  tlie  gcnenil  effect  of  concave  mirrors  ? 

\:i.  WUviM  is  the  princijial  locus  of  u  convex  mirror  ?  Why  called  the 
virtatd  focus  ?     What  is  the  t^eneral  ettect  of  convex  mirrors  ? 

14.  Slate  the  law  in  relation  to  the  refraction  of  lijjht.  On  what  docs 
the  hij;her  refractive  puwer  of  a  medium  de{>end  1  What  follows  when 
a  my  of  light  passes  from  one  medium  to  another  of  different  density '? 
15.  What  when  passing  thiough  a  plate  of  glass  ?  16.  What  when  pass- 
ing  into  and  out  of  a  prism  ?  18.  Describe  the  several  forms  of  lenses  \ 
the  jKirts  of  a  len.s. 

19.  What  is^he  focal  distance  of  a  doable  convex  lens,  according  as 
the  incidciii  rays  are  pimdleL  dioertjent^  or  convayatt  f  20.  Of  a  plano- 
convex len^  ?     22.  Of  a  double  concave  lens  ? 

23.  What  etfoct  has  a  convex  lens  upon  the  apparent  size  of  an  object 
seen  through  it '? 

24.  What  are  diminishing  gla.sses  ? 

25.  EtlVct.s  of  spherical  al>erration  ?     The  remedy  1  ' 

27.  Remarks  on  the  eye  ?  Descril»c  its  various  parts.  What  is  the 
cause  of  ahort-sightediiess  f  What  of  long-siyhttdness  f  How  do  we  judge 
of  the  actual  size  of  an  object  seen  at  a  distance  ?     How  of  the  distance  f 

What  is  meant  by  the  visual  or  opticai  angle  f  On  what  does  the  size 
of  the  image  on  the  retina  depend  ? 

28.  What  is  the  purpose  of  a  microscope  ?  How  is  this  effect  pro- 
duced * 

3\.  What  is  the  parpose  of  a  telescope  ?    What  two  kinds  are  tised  ? 

40.  What  is  a  camera  obscura  ? 

41.  What  is  a  magic  lantern  ? 

42.  Give  a  de.<M  riniion  of  the  stereoscope. 

Phenomtna  of  Color.  —  43.  Of  what  is  a  ray  of  solar  light  composed  ? 
How  may  this  be  proved  ?  44.  By  whom  was  solar  light  first  decom- 
po.-^ed  ?  ,45.  What  distinct  propi-rties  exist  in  the  solar  Sficcirum  ? 
Where  is  tlfe  most  luminous  portion  located  ?  Where  the  most  beating 
)>oniun  ^  Wliere  the  greatest  chcmital  intensity?.  46.  Which  are  the 
three  fundamental  colors  ?  What  do  you  undecstand  by  a  complementary 
ray  if 

47    On  what  principle  does  the  rainbow  depend  ? 

48.  How  is  the  phenomenon  tenned  the  mirage  accounted  for? 

49.  What  are  htilos  f 

50.  What  is  double  refraction,  and  how  produced 

51.  Explain  the  polarization  of  light  by  reHection. 
53.  Kxpiam  the  polarization  of  light  by  n'fraction. 

Heat.  — 55.  Remarks  on  htati  Free  or  sensible  heat  ?  Tempera- 
ture? Latent  heat?  What  do.s  tlic  tenn  rri/or/c  express  ?  Heat  and 
cold  ^  To  what  laws  is  cah)ric  subject  ?  What  is  one  of  the  most  strik- 
ing elfects  of  heat  ? 

5ti.  Illustrate  the  expansion  of  liquids  by  heat     Air.     Solids. 

57.  What  are  .some  of  the  sourees  of  heat  ?  With  what  is  a  change 
of  volume  in  a  l)ody  always  attended  I 

58.  (.Jive  illustrations  of  goo<l  and  bad  conductors  of  heat. 

59.  By  what  principle  is  the  radiating  power  of  surfaces  regulated? 
CO.  Effect  of  mat  on  liquids,  and  of  cold  on  vapors  ? 

What  is  evai)orution  ? 

What  is  meaut  by  ilie  dew  point  ?    When  is  the  air  said  to  be  satn* 
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riuil  uiih  nioi'liirn  *     Wliaa  it  cvguuntiiim  cnmoil  on  nMwl  (^IiUjr 
\^'1luI  i'iul«n  (ug.  illiaL,  ilnw,  &•■.  1     Vfim  vital  iliiea  tliD  ulMillMa  qua 
liiv  M'  luuUtu'v  whHi  UiH  nir  wiil  ixuuiii  it(.-|i«ti'l  ■ 
HI.  I*  Iwtit  ur  riilil  iinnliiiM'il  wliRO  (.'lu'iain  tuliiuncet  mcli  t     Gi' 

bv.  Whai  xttowuicc  lUnulil  be  niiule  in  llw  ntaiuucuoD  of  busc  m 

um  atruL-Luru  ! 
lia.  ExpUla  ihe  priiiciplc  of  the  compcnsaiioa  lamdalum 
M.  Wbu  u  a  tlieiTiiomciur  ■    Dilferoul  Idiulaf    >ru!UDg  i>!iii|Mt 

tUJ'c  !    Duililtg  luiiiiiiTimrc  ■ 

Hi.  In  whill  rorioUB  wnys  is  huM  propsigaWtl  ' 

BC.  In  what  muiiuur  i;i  ruiliuiil  vulurii;  Uirowii  off  from  ft  )iurlW«  <    C 

wh«E  dooa  ihu  refli'i.'tinjj  titiwur  uf  eutMUnce*  ilupnui]  ^     WhicJi  ant  tl 

txHi  TtitOoTs  1     Statu  tQi>  t^tivrnl  rule  of  nlirtorpliun.     Whoi  ti  men. 

bj'  iliMlk(srmiuiou»  and  utiierliiuious  iKxlim  > 

Umo  nhm  ilocE  [he  powur  ut'  a  ImmI;  (o  [mnuoii  ticai  depend  t 

Wliat  is  Leslie's  law  of  riuliiuit  liiuxl '' 

IL*.  Acconliug  to  wliitt  Uout  thu  |)nipii);aiiaii  of  licu.in  Ilqiud*  nrj 

Wli&t  rolloivi  whcu  lieat  in  oppliud  to  liio  tur/act  of  a  litjaid  f 

At  what  (eiDpcriilurc  docs  nulur  itlt«in  in  in^utnit  doiuity  1 

es.  Kemiu'lc  ou  Ihe  heat  of  the  ocoaa  'I     V/by  does  ico  alwajr*  fbnn  i 

iht  sniliii'D  of  tho  wati'r  < 

C9.  licmark  on  the  heat  or  the  KinvMpliore. 

71.  On  whaiUous  th-^.m-of  ronilui'Uoii  iu  lmdi««  dmwnd  1 

72.  To  wiini  U  iIiG  nrnouni  of  thie  I'uloric  in  twu  diDvniiit  qoMiitll 
oT  tliu  miitK  ■ubMiiiiu:  projwrtioiiai  ^  Wliul  of  eqtul  weii^u  cs  duMi 
lor  Hitlintuncus  ? 

Wlui.  ill  mi-iint  l>y  ihr^  tprr^iii-  hfil  of  n  body  '  WIihi  rrUtian  bw  d 
doiuii;  of  n  Indy  10  itn  i'a]mcii)' lor  heat  1  Wlmt  in  it  cn'viiiidfrf  Wh 
oilier  cbmii^o  att«iidii  a  chiin^  of  voluntii  in  it  bmljt  1 

73.  VV'ljiili«/u>iw>r     Whnl  in  rajDTJaiM'an  r     Ei-nnoralian  f 

74.  Wluit  nunilMM'  of  dugrMa  roprSiBnts  tlio  latvut  uvnt  of  dEMOI  1 
76.  What  i'  t>w  (eftnplamat 
11.  VfiiM  a  in  hsj/rtmelrt  f 


78.  (lov 


Ki.Ki!TBic-iTT  —  I.  Wliftt  it  dofWicUy*  Whnt  ir  tome  Ot  U 
niciin*  for  ^-Riicratliit;  it  I 

a.  WImt  iiro  ihc  fiiiiiliiiiienod  fact*  of  plectriciiy  T  Wlml  an  Hairia 
What  fai'l  with  rvgitnl  to  mi  clectridud  budy  bm  Ifm  niwla  known  h 
Kcwtoii '' 

S.  Gimentl  rnnuirlw  on  condnctora  and  nuD-rundurinn  1    When  U 
bodv  laid  W  Ik)  iiuulutvd  1     V^'1lftt  naLmUinciw  tiv  moil  commiMily ' 
.■»•     Whutuffocl  .       .  -  . 

Ihi'  ijtrat  iiitulalor,  nrnl  why  ' 
<3l)r '     ](  llw  ■tniOKphuni  ■  i' 
poiidilioii  it  ruiiHoiI  air  ' 

4.  Wliai  in  oil  Rlri^imnropc  ^ 

fi.  now  luaiiy  ktnd>  of  kIki 
ktlractiun  and  n-puldon  * 


"wfirfll 


iiductor  or  •  non^i^uducKir ' 


;  Uioml     What  i*  |L«  tuw  c 
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(.  Am*  tt«(triDiif  pus  frain  OHR  panoT ihoMirfueora  non-nni'liicior 
Jb  Miolhu-,  Di  (luv*  It  rvniuin  tuaionarf  ' 
__,   Wliu  M  Ujv  rvlnlive  cuiiililiou  of  tlio  oloctnciiv  of  Ihu  ruUhtr  uiil  thai 
fJa  lliB  (ulr  rul>l-<'<l ) 

8.  F.KiilHia  tlir  ukb  or  thi>  U^nin  ptmiliae  and  nt^uct. 

Wh«  14  thu  lti(«ir)r  ol'  /lai  ^urt&  )■     The  Wnns  DKit  »     Of  nhiU  Oie  is 

12.  lianiu  ihc  [•rini'lpal  paru  o 
1  m.  Wluu  oni  tba  lutuil  H^pHndnKCs  lo  thi-  duttrical  ■noHunc  ! 
P  It).  Name  mhiui  Gku  nlatinK  lo  Uii>  t'lociric  ^lark. 

'"  '^  ■"— "ntiij  of  iliu  vlonrif  lighi  depend  f 


K  Itl.  On  whM  daa  (he  Jr 
kjO   What  U  thoalcRiricrww^r 
■  93.  Upon  what  drcunuiiBDnA  floe*  tlie  tnlcusitjof  tlwtlcctridijtnui*- 
■iued  bV  tbe  el«cln>pboriu  dc|icnil  < 
S8,  Whol  ii  dugniaed  clccirii'llj  < 
27.  Uio  of  Uie  u)D[li>n<?r  f 

S3.  KiplktD  tbe  diffurcDcc   between  an  electroscope  and  on  elecliVRi- 
•Ur. 
90.  Give  a  deurripiiun  of  on  electrical  botlery.   lion  u  it  discha^cd  * 
31.  How  ii  the  intensity  of  ibe  clvctricily  doiermiui^d  tij  a  disrliat^^ng 
^  llaclrorautcr  ^ 

34.  Mention  ooniR  of  the  mmt  common  tih<rtiolo(pcol  cfTocti  of  clcc- 
\j.     WliHt  ia  meant  \>y  on  tlc«tr1bil  lAaj;  i 
I.  Mnnilon  lomc  of  the  clicmiral  cffecis  of  cicetridi;. 
37.  Il««  is  (he  clcvrrie  fluid   iliiiri)mt«l  with  rrgnrd  lo  condnclon  • 
L  What  initrameni  shown  this  '.      Upon  what  does  the  inicnsttf  o(  ihe 
Elferiricitir  depend  In  a  conductor  1 

■     W-  B  j  whom  was  iho  idcniitr  of  dwitririiji  and  linhliiioy  dliroTend  T 
■ll«i>tioii  their  poinu  of  •ereimciiL     Describe  Frattklin'n  exprriinUDt. 
9     89.  Wlmn  is  vmoiplienG  electricity  Kniemlljr  positire  <     Wlixn  ii>k- 
^Wru?    Where  nuMt  intunu^    It*  loteiultj  in  winiur  comparul  wiw 
Hnt  in  siiinni«ir ' 

ff  hat  i*  ib«  chnnuter  of  the  elertriciii  in  nin  drape  in  a  north  and  id 
j^Wuih  wind  1     ChiinK-uritE  the  eloctriciiy  of  the  ciiUi  and  tlw  fai|)htif 
*  of  tin  oimmiiliBiv.     How  often  doei  aerial  eluiridiT  attain  a 
iBiu  and  mjiilaiuni  conilitloD  !     Dcicnbo  its  progre>»'ftvm  ona 
iG  to  Ihv  mi\a. 
,   41).  Which  ant  iho  nuwi  romnioa  dectrameicon  1 

41,  Gire  an  account  of  the  aorom  kirealis,    4U,  Of  ibe  watonipout. 
.    M.  By  what  varioiu  modes  la  rlcctriHiy  ucnioWtnl  ' 
_     HjtCHETiiM   —  I.    Wlia[   ini'liU    in   ulorii.-  Minded   lij  maifOuliiimf 
tWli>'tiiri'  i'"  I..  iL'iip'lic  projiirrj  cBlltil ' 

C      Of»li..i  ■>■      :  .'!-"  iiutufai  mBKn.;l»'      OiV 

|]rin  ol'lii'  ..'  !•  '     Mciiiion  the  dilfenol 

'lire  I  .  [ iliii'll/nsldc*    llowamtha 

'Imi  1-  .  ;.  ii'lc  propcnicB  cf  iho  mii^iet ) 

Stio->  liciwiKU  e  mngoct  and  iruu.    What 

I  ii  |ih".  ";;    wood,  jfitM.  or  rupjier  twtwven  iIib 

nei  ami  i[uii        lli.'-  !■  m  ■uiii:iifim  dittribittcit  iliru>i|>lifini  a  uoig- 

c  pule*  aud  tlw  ueuual  poiut  twpuvtitiii/ 
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3.  Whfit  is  the  dirfctivc  polarity  of  the  magnetic  needle  ? 

What  is  the  iniijrnt'tic  meridinn  if  DoeD  it  coincide  with  the  geocraph* 
ical  looritlian  <  What  is  the  diti'ereuco  between  them  called?  If  the 
decliiiiUioii  unifunn  in  all  places  ? 

5.  State  the  law  ot  magnetic  attraction.  How  are  the  poles  diatia- 
guished  .' 

6.  What  is  the  effect  of  breaking  a  magnet  ? 

7.  State  the  theory  of  magnetism.  Mention  some  of  the  pbenomeui 
of  magnetism. 

8.  What  is  the  law  of  the  (Utraetive  force  of  the  magnet  ? 

9.  What  is  magnetic  conduction  f    What  is  magnetic  induction  t 

12.  DescrilH)  the  property  called  the  dip  of  the  needle,  la  the  angle  of 
the  needle's  dip  uniform  at  all  places  on  the  earth  ? 

1 6.  What  are  the  requisites  in  the  quality  of  steol  for  making  mag- 
nets ?  What  is  necessary  in  the  form  and  dimensions  of  artificial 
ma^nicts  ^ 

17.  How  may  a  soft  iron  bar  be  rendered  magnetic  ? 

Which  is  the  most  powerful  means  of  rendering  bodies  magnetic  ? 

18.  How  is  the  earth  to  bo  regarded  in  onler  to  account  for  the  direc- 
tive and  dipping  properties  of  the  needle  (  Which  of  the  magnetic  (wlus 
of  the  earth  is  the  positive  pole  i  What  is  the  situation  of  the  terrestrial 
magnetic  poles  i 

What  are  isocUnic  lines  ?     With  what  do  they  coincide  » 

19.  To  what  variations  are  tHb  earth's  magnetic  powers  snhjert  ? 
How  indicated  i  Characterize  the  retpJar  variations.  Which  of  the  m'c- 
ular  variations  has  been  nio-^t  observed  /  With  what  are  the  irri'fuJur 
magnetic  variations  connected  ? 

22.  Wliat  i.-%  Amperes  theory  of  magnetism  ? 

Voltaic  Klkctricity.  — *l.  How  is  \oltaic  olcctricitv  produced? 
By  whom  was  it  first  observed,  and  under  what  circninstanci'S  i  How 
did  Galvani  account  for  it  ?     How  did  Volta  account  lor  it  ' 

2.  Describe  the  voltaic  pile.  Describe  the  Cvuwnue  dv  Ta^tvs,  or  Vol- 
ta's  battery. 

8.  What  is  a  voltameter  ?     What  three  kinds  are  in  use? 

y.  What  is  considered  as  one  of  the  mo-sl  important  features  of  voltaic 
electricity  i  Wliat  remarkable  fact  is  connected  with  voltai*-  decom|H)M- 
tion  ^  How  are  tiie  constituents  of  water  disj>oseil  after  dccom|»o^ition  ? 
What  sysiiin  is  based  upon  this  fact  i  What  is  the  electrical  state  of 
the  elements  which  are  attracted  by  the  po'^itive  pole  ' 

10.  rpon  what  do  the  arts  of  eleVtrofvping  and  electroplatinj:  depend  ? 
12.  How  nuiy  decoinposiiion  be  imjiedcd  or  arrested  bv  voltaic  elec- 

trieitv  * 

m 

.  l.J.  Give  instances  of  the  luminous  and  heating  effects  of  voltai<-  elcc- 
*"*j*\iy.  LVon  what  does  the  temperature  to  whirh  a  conducting  wire 
will  i.„.  raided  by  a  battery  depend  i 

1  i»on   ^.ji-n  ^1^,^,^  j|,(.  (.ji'ioritie  effect  depend  ^ 

U-vStatv^  ^„,„^j  f,y.tj,  i„  relation  to  the  physiological  effects  of  voltaic 
ciectiiciiy.      llpoii  what  do  these  cffcets  seem  to  dejxnil  ' 

I  »".*^*T'V  .'!'.'       Mies.  —  1.  Explain  the  ronstnuiion  of  the  riL^ht  and 
leti-han.led  hell.  »or,  au,,^.  ^,,^,„,,i  ,,^.|ij^  ^^.j^..   ,,^.  prepared  '     State   the 

facts  in  conneetiotfwith  .^  needle  magneti/.ed  bv  a  right-handed  and  a 
Jcft-handed  helix.  .  « 

2  What  is  an  rhnro-miuju-t  f  How  long  will  an  electro- magnet  retain 
tile  magnetic  pro|>crty  * 


\ 
\ 
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7.  State  the  five  general  laws  of  electro-dvnamic  action. 

10.  State  the  two  laws  according  to  which  electric  currents  act  upon 
each  other. 

What  are  the  laws  respecting  angular  currents  ? 

Etectro-Uynamie  Induction.  —  12.  Who  first  discovered  the  laws  of 
electro-dynamic  induction  i  What  did  he  demonstrate  i  When  does 
tlic  induction  of  the  current  act  i 

16.  What  is  thermo-electricity  ?     Give  Samples. 

18.  What  are  dui-mngnttiv  IxKlies  ? 

19.  Describe  the  eleciro-raagnetic  telegraph. 

20.  What  are  the  peculiariiics  of  Morse's  telegraph?  21.  Of  Bain's ? 
22.  Of  Houiie's  ? 

Chemistry.  —  1.  Of  what  docs  the  science  of  chemistry  treat  ?  How 
many  elementary  substances  are  there  i  DiiTcrence  between  a  simple 
and  a  compound  sultstance  ?  2.  How  are  tlie  elementary  substances 
divided  i     Name  those  of  each  class. 

4.  Mention  the  various  kinds  of  attraction. 

9.  How  does  chemical  affinity  dificr  from  all  otiier  kinds  of  attraction  ? 
By  what  are  all  chemical  changes  produced  i  When  does  combiuaiion 
take  place  ?     When  dei'omposition  I 

10.  Is  any  thing  in  nature  ever  destroyed  or  aimihilated  ? 

1 1 .  Characterize  acids.     AlJcalies. 

12.  What  is  a  Kolution  ?     How  is  the  process  of  solution  accelerated  ? 

13.  How  is  carl>on  obtained  i  What  is  the  pro<luct  of  the  combustion 
of  clian*oal  ?     Char;ici«Tizc  carltonic  arid  tjas. 

14.  Descrilw  hydro«r«Mi.     Where  found  ?     Characterize  hydrogen. 

l.").  Comjiosition  of  the  atmosphere?  What  takes  place  in  the  process 
of  breathing?  Characterize  ori/titn.  Characterize  nitrogen.  Helation 
of  oxygen  to  plants  and  animals  '. 

16.  What  is  ammonia  ?     Where  found? 

17.  What  is  nitric  auid  ? 

18.  Give  a  dcscrijiiioii  of  the  atmosphere.    What  are  its  constituents? 

19.  ^Vhcre  is  native  sulphur  obtained  ^  With  what  metals  is  it  found 
in  combination  ?     Which  is  the  most  important  compound  of  sulphur  ? 

20.  Characterize  phosphorus. 

21.  Characterize  iodine.     From  what  Ls  it  obtained  ?     Chief  use  ? 

22.  Characterize  chlorine.     Use  of  chlorate  of  potassa  ? 

23.  Characteri/e  hydn)chloric  acid. 

.  24.  From  what  arc'  potassa  and  soda  formed  ?   Why  called  ./Szetf  alka- 
lies ?     In  what  does  potassa  lurgclv  exist  ? 

25.  In  what  various  forms  does  lime  exist  ?  Its  relation  to  soils  ?  Its 
uses  in  agriculture  ?     What  is  the  uietallic  base  of  lime  ? 

26.  Characterize  magnesia. 

27.  Characterize  alumina. 

Of  what  is  pure  clay  composod  ? 

28.  Characterize  silica.     What  is  its  base  ? 

29.  In  what  forms  does  iron  exist  in  nature  ? 

30.  In  what  states  does  cop/ter  exist  in  nature  ? 

31.  Common  native  form  of  Inidf 

32.  Most  common  salt  ofchnnmi 

33.  In  what  state  is  mercury  found  / 

34.  Remark  on  zinc. 

35.  Characterize  silver,    36.  Gold.    37.  Platinom. 

38.  What  is  the  doctrine  of  chemical  equivalents  ?     Qive  examples. 
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TO.  Wlint  iluua  JirmiBlatim  signiiy 

71.  Wliiu  is  doifiiiut  furmcDUttlon 
'  fErmematioa  7 

TS.  Which  *r«  ihn  miMi  common  Tqcnolile  ociila  i 

73.  (Jivn  an  accguni  of  the  proccJs  of  pcrminntion. 

74.  Which  parui  of  a  plant  nre  isiiiatiid  to  Lu  gronrlh  '    Durribe  lh« 
trwt,  or  Biem.    Thu  roof.    Tli«  Uaf.    la  wbai  other  way  dot» 
reeavu-vitrhoaic  nuiit  t 

79-  Wluit  iiin»l  Llie  food  of  plntin  raDtab  ">.     What 
lliu  rood  1    ElfwM  of  litfht  aD'l  beat  utiod  plants  t 

TB.  ComposLiioii  of  sous  '.  Wlicurc  is  the  organic  put  derind  i  What 
in  kmnvt  t 

11.  Of  what  daps  ihe  inorgantc  pari  of  coils  coiuiat 
thv  talinr  tolaUe  iiJtlam.f ;  b).<<o,  the  tarthv  inioluUe  tnbstanna, 

78.  What  cnnxtimtvs  a  aciiu/ji  Eoil  '     Aloimf  soil  ^     SO.  What  mm/ f 
QJearrtma  soil  ! 
B3.  OriKin  of  soili  T 

84.  Slau  9om«  of  ih«  mirlumiml  propertien  uf  Mil*.  S5.  F.flMa  of 
.  heat  on  claj  anil  pi-M ''  9i.  Of  what  iuXvasatft^a  the  abwrtHriit  powiir 
'    at  cIbj  J    ST.  NeceaiUy  for  wuntith. 

6'i.  Stuto  fncu  Willi  rcferenro  to  the  dloniical  propcnin  of  solla. 

90.  IinjHirtaiiRe  of  a  dut  yroportiiin  of  Ihc  dMUUal  clmnimlt  oT  a  (tt- 
tile  soil  ■'. 

91.  Mow  may  land  b«  improml  ^ 

9a,  Kuniark  on  ilraiain<it  93.  On  plmgliiiiyf  EM.  Os  mtmar  md 
(bcB  ptougMog  t 

ii.  Koine  the  (hreo  ctaMci  of  nuinrM-  9fi.  What  tn,  (he  pnrpoae* 
of  ™/(*tWB  manure*  '    Bcmarlu  on  grtm  ntaniirei  T    On  (fry  manuiM' 

98.  Cliararterito  animal  manure*.  What  i>  llui  imporuot  ranatitncB 
of  guano  t    Which  poniun  uF  manure)  ii  moot  valuaule  1     VTiij  * 

loa.  Mini  important  uf  minnti'  monurEi  •  Muutiou  lome  oT  lu  aaei 
Wlui  oilier  iitinfraJii  an.'  ubi^  b*  manarcs  ' 

1UI.  UJ*«  InilumiM  of  the  use  of  ipaial 
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